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Indian- Joubnal os' Aobioudtubai, Science Vol. V, Pabt I, Fbbbtjaby 1935

Page 101, lines 2-5 should read as follo-wB :

—

E. A. OsADOHUK. {Juzno-bereznoe Otdelenie F. J, M'a Gosudarstennyi NiMtBkii

Botaniceshii Bad, (Nikita Botanic Garden) 1034 : Bull* No* IB* pp» 40. (Full

summary oj the paper, issued by the Imperial Bureau of Plant Genetics,

School of Agriculture, Cambridge, England).

V V'

Page 103, item 10 of table 3, /or “ Persican ” read “ Persic^a

V

Page 103, item 13 of table 3, /or “ Kizildza Mursal ” read “ Kizildza Mursal ”

GlPD—267ICofAE—S3—14-5-37—800.
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(Received for publication on 24:tli September 1934)

Introbuotion

In Part I of this series [Eamdas, Kalamkar and Gadre, 1934] the scope

of “miero-elimatology” was summarised. This was followed by a brief dis-

cussion of different types of instruments for the measurement of air temperature

and humidity. Mention was also made of micro-climatic observations taken

in the ‘open’ and inside 'Kharif jowar and sugarcane dunng the first halt of

December 1932 at the Agricultural Meteorological Observatory, Poona.

These observations were taken inside a few crops aiM inj;he ‘open daily

at the epochs of maximum and minimum temperature. Results of observatio

during part of the BaU season of the year 1932-33 are discussed m the present

paper^and an attempt is made to investigate the relationship, if any, between

the observations taken inside the crops with those m the open
.

^ ^

The Babi season, October to March or April, is, a,s naentioned earlier in Part

I a period of clear weather with light winds constitutmg a climate predimi-

nantly of the insolation or radiation type. This season therefore deserves first

consideration in any programme of mioro-chmatic investigations.

We shall discuss here the dry and wet bulb temperatures as well as the

pressure of water vapour and percentage

a view to study the modifying influence of diflerent crops on the chmate of the

open, within the first few feet above ground up to which crops usually gr .

While the conditions during individual seasons may vary from year o yea

Agricultural

Research.
( 1 )
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may- be expected that certain main regulai-ities may become evident during an

examination of the data coUeeted even during an individual season.

The role of the humidity factor in micro-climates will be discussed in

detail in the next part of this series.

II. MiGEO-CLIMATE of CEOl'S AND OF THE OPEN

Micro-climate in the ‘open’ and inside the following crops are discussed:—
(a) Rahi jowar.

(b) Sugarcane.

(c) Wheat.

Details regarding the dates of sowing, variety, seed rate, cultural operations,

dates of cropping etc. of the above crops are given in Table I.
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temperature and humidity data have been
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{8} Wet bulb temperature*—The wet bulb temperatures at the maximum
epocli show a decrease with height though less conspicuously than the dry-

bulb temperatures. The wet bulb temperatures in the ‘ojjen’ are in general

slightly lower than inside jowar or wheat (un-irrigated), but in the case of

sugarcane (Table II) the values are lower than in the open. Inside wheat}

(Tables III and IV) the wet bulb temperatures are slightly warmer than mside
jowar*

(3) Vapour pressure.—Vapour pressure inside the crops is higher at all

heights compared to the 'open’, the highest values being recorded inside sugar-

cane. There is a tendency for the vapour pressure to decrease with height

both in the open and inside the crops.

(4) Feroentage humidity .—The percentage humidity is minimum near the

ground and increases with height in the 'open’, the degree of saturation being

least in the very warm air layers near the ground.

(h) Minimum temperature epoch

(1) Dry bulb temperature.—As observed in Part I although the variation of

micro-climates is less at this epoch, some very interesting features are present.

The dry bulb temperatures decrease at first with height both in the ‘open’ and
inside the crops and then begin to increase, the level of inversion being about 6

in. in the ‘open’, about 1 ft. inside wheat and about 2 ft. inside jowar and sugar-

cane. Temperatures inside tall crops like jowar and sugarcane are higher than
in the ‘open’ but tend to the open air value at higher levels. It is remark-

able that in the case of the sugarcane field (Table II) which is coolest during

the maximum temperature epoch, the minimum temperatures are higher than

in the open or inside jowar. Inside wheat (a short crop) the minimum tem-

peratures are lower than either in the ‘open’ or in jowar. The explanation

of these variations as well as of the coolest air being at some height above

ground will be discussed as soon as certain investigations on radiation are

completed. They are of special interest m connection with the incidence of

frost during winter. Beplies to a questionnaire on the frosts which occurred

during the last winter lend some support to the generality of the above pheno-

menon, the problem of frost hazard in India as well as the possiblOi

remedial measures to minimise damage are being examined in the light of the

various detailed reports received this year. An analysis of the daily minimum
temperatures during winter at representative stations in India is also in pro*

gress in this connection. Further experimental wwk at different stations is

essential for studying how the frequency of frost varies with height above

ground and with locality.

(2) Web bulb temperature.-—The wet bulb temperatures at the minimum
epoch do not differ verymuch from the corresponding dry bulb temperatures.

The inversions of wet bulb temperature occur more or less at the same height

above ground as the latter. The wet bulb temperatures in the ‘open’* are

lower than those inside crops; those in sugarcane are higher than in other

crops.
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(5) Vapour pressure.—Yapom pressure in the 'open’ is throughout less

than that inside the crops. There is a tendency for the vapour pressure to'

increase with height in the ‘open’ and inside joivar and wheat. Inside sugar-

cane, however, it decreases slightly with height in the first foot and is more

cr less steady at higher levels.

The physical significance of the increase in the vapour pressure with height

during night and the reversal of the phenomenon during day has been discussed

by Eamdas
[
1934

]
and Eamdas and Katti [1934, 1 & 2] in separate papers

where the decrease of moisture near the ground at night has been shewn to

be due to absorption by the soil surface and the reverse effect during day to

evaporation from the soil.

(4) Porcen^tage hiimMity.—FTom Tables II, III and IV it will be noticed

that the percentage humidity or the degree of saturation of air with water

vapour is lewder in the open than inside the crops. In the ‘open’ as well as

inside jotoar there is- a regular increase with height above the ground. In

sugarcane (irrigated) the saturation is maximum and more or less uniform at

all levels up to 4 feet above which there is a tendency to fall. Inside wheat

the percentage is higher than in jowar but above 2 feet (the approximate height-

of the crop) it decreases to the open air values.

III. Correlations between “open” and “crop” temperatures and HumniTiES.

Having seen that the micro-climate of the crops is different from that of

the 'open’, it is next attempted to investigate whether the miero-climateB

inside the crops are correlated with conditions in the open.

The values of correlation co-efficients of some of the factors, dry bulb, web
bulb, and vapour pressure for various heights inside the crops with those at

corresponding heights in the open are given in Tables V, VI, VII and VIII,,

both for the minimum and maximum epochs.

Table V
Correlation hehveen temperatures {4th to 31st December 1932)

Surface

I"

r

1 ft.

2 ft.

3 ft.

4 ft.

6 ft.

[For 5 per cent level of significance r = 0*38]

I

With those taken in sugarcane

In the open
Morning Afternoon

93 •59

92 !
•61

92
j

•47

92 ’ •47

91 •45

93 ' -23
93 •59

90 •69
85 •63
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Table VI
Correlation r between dry an^d wet bulb temperatures and pressure of water

vapour
[For 6 per cent level of sigiiificanoe r=0*58]

In the open

With those taken in (4th to 15th December 1932)

Dry bulb Wet bulb Vapour pressure

Jowar Sugarcane Jowar Sugarcane Jowar Sugarcane

Surface •91 •85 •82 •89 •72 •83

•92 •91 •92 •93 •90 •92

1 ft. •94 •96 •94 •95 .93 •93

2 ft. . •94 •98 •90 •97 •89 •95

1 4 ft. •94 •91 •94 •93 •92 -91

6 ft. •91 •87 •91 •93 •89 •90

Surface •56 •64 •91 •17 •91 •16

d •73 •53 •65 •19 •61 •12
o
0 1 ft. •59 •60 •60 •66 •78 •33

g 2 ft. . •67 •48 •73 •60 •75 •68

4 ft. •84 ! *86 •69 •74 •70 •85

<3 6 ft. •82 *78 •86 •81 •85 •91

Table VII.

Correlation r between dry and wet bulb temperatures and pressure of water

vapour
[For 6 per cent level of significance 0*40]

With those taken in (8th to 31st January 1933)

In the open
Dry bulb Wet bulb

“

Vapour pressure

Jowar Wheat Jowar Wheat Jowar Wheat

Surface •98 .98 •97 •97 •93 •94
.

6^ •98 .97 •96 •96 •91 •92
1 ft. *96 .97 •95 •95 •91 •89

P 2 ft. •97 .97 *96 •95 •92 •89
oM 4 ft. •92 .89 *93 •95 •93 •93

6 ft. •97 .95 •96 •95 •93 •95

Surface •70 •31 •55 *84 70 •82
.

6^ •77 •61 •98 •92 •92

§
' lit. •70 •59 '•75

> *80 •97 •94

§ 2 ft. . •72 •67 •91 •93 •99 •94

-i
4 ft: •80 •78 •93 •94 •96 •94
6 ft. •84 •83 •95 •97 •97 •97
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Table VIII

Correlation r between dry bulb and wet bulb temperatures

[For 5 per cent level of significance r==0*43]

With those taken in (1st to 21st February 1933)

In th© open Dry bulb Wet bulb

Jowar Wheat Jowar Wheat

Surface .
•86 •88 •91 •89

6" •91 •91 •94 •91

1ft. . . •90 •93 •90 •88

2 ft. . j

•92 •89 *92 •89

o 4 ft. .
•90 •91 *95 •95

6 ft. .
•92 •87 •73 •91

Surface .
•36 •05 •79 •58

d •52 •27 •74 •64
S
o 1 ft. .

•37 •37 •77 •73

a 2 ft. .
*46 • 54 •64 • 65

i 4 ft. . •66
1

•71 •87 •59

6 ft. .
•83 •60 •92 •88

It may be observed that the morning correlations of all the meteorological

elements are uniformly high, whereas those for the maximum epoch are smaller

especially at lower levels. In the afternoon the correlation improves at higher

levels. These results suggest that temperature and humidity inside crops are

not related in a simple manner to those in the ‘open’ and that it may be

necessary to measure them directly if one desires to study the actual climatic

conditions inside the crops. Further studies on these lines and for different

crops are being continued.

Our best thanks are due to the Principal of the Agricultural Oollege,

Poona, for giving necessary facilities for this work in the College farm.
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Agricultural Chemist to Government, Bomhaij, Poona,

ANI>

M. M. lOBE, M.Ag., B.Sg.

('R03eived for publication on 3rd Ocbober 1934)

I. Introduction

It is supposed that rice of some varieties is fit for being used as boiled

rice while that of other varieties is more suited for bread-inaking than for boiling.

There is also a supposition that old rice is more easily digested than new
rice. Since rice grain is chiefiy made up of starch, and proteids and oil are

present only to a very small extent, the difierenees on account of the varieties

and ages must naturally be due mainly to differences in the starchy material.

It may be that different varieties of rice contain: ^starches' with different reacting

pow’-ers. It is also quite possible that when rice is stored the starch in the grain

undergoes slow change and disintegration, making the whole grain more and more
easily digestible with the increase in period of storage.

In order to ascertain whether there are any varietal differences in the

appearance and reaction of rice starches and whether during storage the rice

starch undergoes anj disintegration a regular experimental programme was
decided upon. The varieties of rice included in the study were (1) Ambemohor,

(2) Kolamba, (3) Patni, (4) Halwar and (5) Mahadi, In studying the differences

due to age, rice harvested at the end of 1928 and that at the end of 1930 was
taken. The work on 'age difference took some months but all along there was
a difference of two years between the old and the new. In addition, there

were also some samples or rice one-year, two-year, and four-year old. Des-
cription of the varieties of rice used in these experiments are given in a tabular

form as under:—

*
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Table I

Descrvpiion of rice varieties

Ambemohor Kolamha Patni Halwar Mahadi

Size—
'

'

'

Length . • 6*6 mm. 7-4to 8-3

mm.
8 * 2 mm. 8*5 mm. 9*7 mm.

Breadth • 2 * 7 mm. 2-4 to 2-6

mm.
3*0 mm. 2*8 mm. 3*8 mm.

Colour of husk Brownish to

reddish
!

yellow.

Golden to
:

pale yellow.

Pale yellow

to whitish.

Pale yellow Yellow husk
and reddish

grain.

Grade • Medium to

fine.

Medium to

fine.

Medium
coarse.

Medium
coarse.

Coarse.

Use . • Boiled rice. Boiled rice. Boiled rice

and bread-
making.

Boiled rice

and bread-
making.

Bread
making and
cattle feed.

Habitat Maval tract

of the
Deccan.

North
Konkan.

North

1

Konkan.
North

Konkan.
North

Konkan.

The investigation was carried on along the following lines:

—

1. 'Some physical projoerties of rice starch such as size of starch grain,

action of boiling with water and action of alkali.

2. Digestibility as indicated by hydrolysis with hydrochloric acid, dias-

tase and pancreatin.

3. ’Liquifaction of starch.

4. Aniylohydroiytic enzyroe in stored and germinating rice.

When pure rice starch was required for experimental work it was pre-

pared as given below:—^Alkali weaker than the strength used did not remove
pr^>teinaceous matter sufficiently well while stronger solution attacked the starch

grain itself.

The rice was cleaned thoroughly by repeated washings with water. It was
steeped in one per cent sodium hydi'oxide solution and shaken for three hours
with the help of hot air engine. The supernatenfc turbid liquid was removed
and the soaked grains were washed with water and ground to a fine condition

in a mortar and passed through muslin cloth. The material was treated with
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half per cent sodium hydroxide for two days. The
_

^alkalme liquid was

remov^ed and a small quantity of dilute hydrochloric acid was added to the

settled portion to neutralize the alkali. The starch was washed free of chloride^

dramed^and dried in air. The starch was freed from oil by treatment with

ether and alcohol. The purified starch was found to contain 0 013 per cent

nitrogen.

II. Some physical peopbkties of kicb staeoh

Size of the rice starch grain

Starch was prepared by the process already described from three yarieties-

Ambemohor HdwL and Mahadi, both from the old (1928 harvest) and the

tw (19.30 harvest) samples. The starch was put in water, transferred to a

clear slide and examined under a high power with one-twelfth immersion lense.

About 2(X) starch grains of each type were measured with the help of an occular

and stage scale. A large number of starch grains from each group gave the

following measurements.

Table II

8i^e of storch grains in mm.

Variety and age Size in mm.

New Ambemohor

Old Ambemohor

New Halwar .

OldHalwar

New Mahadi .

Old Mahadi

0-0005

0*0005

o-oooea

0-00063

0^00075

0-00075

The new and old samples do not show any diSerence in size but different

varieties do show difference in. the size of starch grains. Ambemohor is »

variety and contains the small-sized grains while Halwar and Mahadi whioh

are c^rse and are used for bread-making have comparatively large-sized grams.

In general appearance the starch gi-ains of all the varieties are alike and have

the usual characteristic polygonal shape.

I



Total
eSeet

Attack
on inter-

nal

contents
(Marks
ont of

three)

Breaking
of grrain-

coat.

Marks
out of

three

Time in
minutes

Softening.

Marks
o it of

two

0*25

1

Per cent

10

25

0*25

0-5

0-25

0*6

0-25

0-5

5 minutes

10 minutes

Effects 'produced by boiling water

Bice grains of different varieties and of different ages, crushed and un-

crushed were boiled with water for various periods and observations were made
with regard to (1) swelling, (2) softening, (B) breaking of the grain coat and

f4) attack on the internal contents. Each of these effects was judged separately

by qualitative measurements and these were added and percentage effects were

noted. The swelling and softening of the grain are less important than the

breaking of the grain -coat and the attack on the internal contents and hence

coraplets swelling and complete softening carried two marks each while com-

plete breaking of the grain-coat and full attack on the internal contents carried

three marks each. Thus a complete all-round effect carried ten marks. The
following table will show how marks were given and how the total effect was

calculated.

Table HI

If starches are treated or ground with dye stuffs they exhibit different

shades and according to Huberer and Venkatraman [1926 and 1927] it forms

a reliable method of distinguishing various starches under the microscope. The

rice starches were subjected to these colour tests. A small quantity of starch

was made into a thin paste and about two to three drops of half a per cent

methylene-blue solution were added to it. After about half an hour a portion

of it was transferred to a slide and was viewed under the microscope. No
difference in the starch of different varieties or age in rice could be marked.

Staining with dilute iodine solution also could not show any difference.

Marks under each heading and total marks

Total
obtained
out of

10
obtainable

Swelling-

Marks
out of

two

gTABOHES FEOM:' OLD ANB NEW GEAIIT OF BICE

Behamouf towards methylene blue and iodine
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The o^planstion of the table is as follows:—The rice grains boiled for five

minutes got 0 25 marks out of two for swelling, this means . the swelling pro-

duced was one-eighth of complete swelling, ^e marks under other items were

Blmilarly nven. The total of these is one as given in column six. This one

is out of ten marks obtainable. The total efiect of 5 minutes* boiling is there-

fore 10 par cent of what the total effect would have been if swelling, softening

tic. had all taken place to the fullest extent. The method is arbitrary but some

method had to be adopted to give qualitative measurements to show definitely

the differences m the effects produced.

The following table gives comparatively the total effect produced by

boiling the rice grains of five different varieties for varying periods. In these

varieties both the old and the new grains were subjected to the test of bciling

with water.

Table IV

Total effect produced by hoiling rice grains with vjaier for different periods

expressed in percentage

Ambemohor I Kolamba I Patni

Minutes Per cent

2-5 I 20

Percent

.. I 20

Patni Halwar*

New Old New Old

Per cent Per cent

* • 10 0 5

22-5 2*6 8

55 7*5 12*6

65 57*5 67*6

0 2*6

The effect produced by boiling tbe rice grains is not equally quick t)n all

the varieties. Ambemohor and Kolamba are the quickest and Mahadi the

slowest of the five varieties tried, Halwar is nearly the same as Mahadi with

regard to the effects produced. It is these two varieties which show greater

resistance to the attack of water than others, and are specially used for bread-

making, perhaps because they are not quite so suitable for preparing boiled rice.

The old rice grains are affected more quickly than new rice grains of the

same variety, indicating that soma change takes place in the grain during

storage and it is of such a character that the grain becomes liable to quicker

effect of boiling welter.

I



Boiled for

30 minutes
Boiled for

15 minutes
Boiled for

10 minutes

Per cent

65

60

Boiled for

6 minutes

Per cent

25

20

Condition

Per cent

80

76

Per cent

100

100

Crushed grains

IJncrushed grains .

Ambemohor Kolamba Patni Haiwar Mahadi

Old Old

Per cent

10

30

60

80

Old Old

Per cent

7-5

16

60 .

65

Per cent

6

12‘5

20

60

Per cent

36

66

80

Action of caustic soda on the- rice grains,—Waioih. md Darabsett 11014]
studied the disintegration of rice grains with the object of classifying the
different varieties of rice according to the resistance they offered to the alkali

Si'AECHES FEOM OLD ANB NlSW GEAIN OF BICE

Table V

Total effect of boiling with water

Table VI

Total effect of boiling rice grains with half a per cent sodium bicarbonate

Per cent Per cent

36

65

80

100

In the case of Ambemohor variety the action of boiling with water was

tried on crushed seed also. The action, as expected, is quicker on the crushed

than on the uncrushed grains as shown below.

Effect of boiling with sodium bicarbonate ,—^Boiling with half a per cent of

sodium bicarbonate solution showed the same differences for the grains of

different varieties as boiling with water. In the case of Ambemohor both old

and new grains were boiled with half a per cent sodium bicarbonate solution.

The comparative figures showing the total effect are given in the following table.

Period in

minutes
New Old
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treatment. They came to the conciusion that on this basis rices could be classi-

fied. The disintegration roughly corresponded with the quality of the starch*

iiice graiiia wmcn coniainea much ot liqumabie starch, dibintegrated easily.

Tile coarse variety grains were not so easily attacked as the grains of the Uner

varieties. Warth and Darabsett studied the disintegration with the help of

luioiujjiiotogrupiis oi tile attacKea grains and. aiso uoin the general breaking

down of the grains. For the purpose of this paper the comparative general

breaiiing down of the grains was studied, it included observations on the

following:—(ij swelling of the gram, (2j decoiounsation, (dj transparency, (4)

breaking of the seed-coat, (5) softening of the grain and (6) effect

on the internal contents. Marks were assigned for comparison. Gompiete

action hi each of the firsti three items carried one marie, complete action in

each of the next two items carried two marks and the last item carried three

marks for its complete action. The total marks for all the complete actions

were ten and the percentage of the total of all the effects in each case was

calculated as explained under the effects produced by boiling with water.

The first effect observed of the treatment with alkali, is the decolourisation

of the grains and softening them. There is a general swelling followed by the

breaking down of the coat of grain. Ultimately the starch is attacked which

becomes gelatinised and transparent.

The strengths of the caustic soda used were (1) fwo per cent, (2) three

per cent, (3) four per cent and (4) five per cent, and the periods for which the

grains were subjected to the action of caustic soda were (1) one hour, (2) two

hours, (3) three hours, (4) four iipurs and (6) twenty-four hours. Ten grains

(two years old) were studied under each treatment the quantity of the alkali

being 10 c.o. for every strength.

The table gives the total effect produced on rice grains by treatment with

different strengths of caustic soda.



Patni

Patni

Fatni

Patni

Sl^AtlCHjaS E'iiOM' OtB of sio:fe

Table VII

Total effect on rice grams vroduced hy caustic soda treatments expressed in

per cent

Variety

Period of treatment

One hour i Two hours Three hoursl B'our hours Twenty

-

I four hours

Ambemohor

Kolamba .

Halwar

Two per cent caustic soda solution

Mahadi

Ambemohor

Three per cent caustic soda solution

20 I
60 I

'70

Kolamba .

Halwar

Mahadi

Ambemohor

Kolamba •

Halwar

Mahadi

Ambemohor

Kolamba

Halwar

Mahadi

Pour per cent caustic soda solution

Five per cent caustic soda solution

86 1 100 I
100
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Caustic soda acts on rice grain breaking the coat, softening the iiUemal

contents and gelatinising the starch, its action increases with the strength of

the solution and with tiie length ot the period for which the caustic soda solu-

tion acts on the grain. All the varieties are not equally attacked. There is a

varietal dinerence snown in the resistance” ottered by the grains to the attack

of the alkali. Anibeniohor and Koiamba are the easiest attacked out of the five

varieties tried and the last two, namely the Haiwar and the Mahadi, are the

most resistant. This again shows that it is the hne varieties which show less

resistance in breaking down or in dismtegration than the coarse varieties used

ordmanly* for bread-making. Anibemohor breaks down to the extent of 60 per

cent m four hours even with such a weak solution as two per cent caustic

soda while the Mahadi variety requires five per cent solution to bring about that

ehect in the same time.

The action of caustic soda was used to see if rice grains of different ages

showed difference in resistance. Eice grains of three varieties were tried with

three per cent solution for varying periods.. The results show that the older

the grain the less is its resistance to the attack of caustic soda. This is

shown by the figures in the following table.

Table VIII

Total effect on new and old grains by the action of three per cent caustio soda

expressed m per cent

Eice grains of the Ambemohor variety were subjected to the treatment of

three per cent caustic soda at two different temperatures—27® 0. and 37®0.

—

under crushed and uncrushed conditions and also under polished and unpo ished

conditions. Difference in condition always gave difference in the resistance of

the grain to the attack of the alkali. Higher temperature produced quicker
reaction than lower temperature. Unpolished grains showed greater resistance
than polished grains and uncrushed grains showed greater resistance than
crushed grains.
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Conclusions

The following conclusions can be drawn from the results of the experiments

given in this section. The results, it must be admitted, are worked one after

the fashion of score-card judging. Tiiej^ are intended to give a comparative idea

about the disintegration of rice grains under different conditiorb.

(1) Boiling with water affects the rice grain. The iongei the boiling the

greater is the effect.

(2) The effect of boiling with water is greater on old rice grains than on

new grains.

(3)

Boiling with wrater does not affect the rice grains of all varieties equally.

Those that are generally used for bread-making .show greater resistance than

those used for boiled rice.

(4) Crushed grains are naturally attacked more quickly than unernshed

ones.

Similar conclusions can be drawn from the experim.ents dene with caustic

soda treatment.

(5) Varietal and age diffei’ences are shown by treating rice grains with

caustic soda. The caustic soda attacks grains of all the varieties and ages.

(6) The longer the period of attack and the higher the strength of tho

caustic soda solution the greater is the effect produced.

(7) Eice varieties for bread-making are more resistant than fine varieties

used for boiled rice.

(8) New rice grains show greater resistance than old grains.

(9) Crushed and polished condition as also higher temperature tend to

increase the effect on the grain.

III. Hydrolysis of rice starch with hydrochloric acid and diastase and

PANCREATIN

As the chief object of the investigation was to study the differences in the

digestibility of rice of different varieties and different ages, experiments were
arranged to see the effects of hydrochloric acid on starches and flours, and of

diastase and pancreatin on flours. Many workers have studied the hydrolysing

action of hydrochloric acid and enzymes on starches of various food grains.’

Stone [1896] carried on experiments to study “the degree of susceptibi iiy of

different starches to the action of different enzymes*'. He established an order

of decreasing susceptibility of . various starches. He also paentiens Lenberg

[1877] and Hammersten [18881. Each one of these gnve his own order of

susceptibility for saccharification. Eoclrwood [1910] studied the action of pan-

creatin, ptylin and diastase on the starch from bleached and unbleached wheat
flours and he found that the reducing sugars were formed at equal speed in

both the cases as tested by starch-iodine reaction. Langworthy and Deuel

[1920] carried on interesting wofk on the digestibility of certain ^starches on
human subjects. A good deal 'of work has been done by several workers like

Brown and Morris [1895], Ling aud Baker [1^95],- L and others-,
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Action of hydrochloric acid on starches

By way of trial hydrocHoric acid of 2-5, 25, 50, 75, and 100 per cent was

used but it was observed that 100 and 75 per cent hydrochloric

acid was too quick in its action to show differences in its actions on different

starches while any strength lower than 25 per cent proved to be too slow. Fifty

per cent strength was found to be the most suitable for measuring differences

and hence that strength was used. Starches from three different varieties and

of different ages were experimented upon.

In each case one grm. of starch was made into a paste with 5 c.c. of water.

25 e. c. of 50 per cent hydrochloric acid was then added and the solution

thoroughly stirred to get a uniform mixture. The hydrolysis was allowed to

proceed for a fixed period at a temperature of 27''0. At the end of the period

the acid was neutralised with sodium carbonate and the whole volume made

up to 200 c. c. The solution was then filtered through dry filter paper and

titrated against Benedict’s [1910-11] solution which was standardised. The

reducing suerars were estimated as dextrose and the figures for dextrose were

multiplied bv 0‘93 (conversion factor for starch) to get starch. Thus the amount

of starch digested was obtained from which the per cent digested was cal-

culated. Each set had a duplicate. The results of the duplicates agreed

with each other and hence there was no need to take averages. The hyvlroly-

sis was carried on in one set for 24 hours and in another for 72 hours. The

varieties used were (1) Ambemohor, (2) Halwar and (3) Mahadi, both new and

two years old.

Table IX

Percentage of starch hydrolysed

Hydrolysis

Variety

24 hours 72 hoiuP,s

Ambemohor

Halwar

Mahadi
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The figures show that the longer the period of attack the greater is the

amount of hydrolysis. Both for 24 hours and 72 hoius digestion the old

starches are more easily attacked than the new' ones. There is, however,

very little difference shown by different varieties with regard to the hydrolysis

by 50 per cent hydrochloric acid.

Action of htjdroC'hloric acid on rice flour

It is after all the rice flour and not the purified starch that is used as

food and hence the hydrolysing action of hydrochloric acid, 50 per cent, in

strength, was tried on fours. Bices of the same three varieties and the same

two different ages 'were used. The polished rice grains of each type were

ground to a fine powder. Half a grm. of the flour was made into a paste with

10 c.c. v/ater and to this 10 c.c. of 50 per cent, hydrochloric acid w'as added

and well stirred. The hydrolysis was carried on at a temperature of 27^*0,

for 48 hours. The acid was neutralised v/ith sodium carbonate and the esti-

mation of reducing sugars and calculation of digested starch was done as in

the previous experiments.

The results obtained are given in the following table.- They are of hydro-,

lysed starch per 100 grms. of the flour and not per 100 grms. of starch in the

flour.

Table X

Per cent of hydrolysed starch tvith 10 c.c. of 50 per cent hydrochloric acid at

27° 0. in 48 hours

Variety
Year of

harvest
Starch

hydrolysed

Amheynohor
per cent

Xew . , 1930 7‘74

Two year old 1928 8*46

Ealwar

Hew 1930 6*30

Two year old 1928 6-66

Mahadi

New . . . 1930 5' 76

Two year old . . . , , . 1928 7-20
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The flours from two year old rices are more easily attacked than those of

new rices.

The same rice samples (those of 1928 harvest and 1930 harvest) were stored

for a period of two years more, that is to the end of 1932 and were subjected

to the action of 50 per cent, hydrochloric acid exactly in the same inanner

as m the previous experiments.

Eice grains harvested at tiie end of 1928 were four years old and those

harvested at the end of 1930 were two years old at the time they were experi-

mented upon. The above table gives the difference between new' and two-year

old rices while the following' table gives the difference between two-year old and
four-3'ear old rices.

Table XI

Per cent of hydrolysed starch by 10 o.c. of 50 per cent hydrochloric acid at

27° G, in 48 hours

Variety Age

I

.

Harvested vStarch

hydrolysed

Year Per cent

Ambemohor 2 year old .

1

1930 12-82

4 year old 1928 14-18

Halwar . . , . . 2 year old . 1930 9*86

4 year old 1928 10-52

Maliadi . . . . . . 2 year old 1930 9-10

4 year old 1928 10-14

Flour from four-year old rice is more easily broken down than the flour from
two-year old rice. These, however, were samples from different stocks and to
get a better idea, samples from the same stock should be compared. Talrins
the same sample of 1928 harvest kept for two years and hydrolysed in 1930 and
tor four years and hydrolysed in 1932 we can put the figures as follows;—
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Table XII

Per cent of hydrolysed starch by 10 c.c. of SO per cent hydrocMorio acid at

97" 0. in 48 hours

The same stock

V^ariety Two year old

(Harvested in.

1928 and
hydrolysed
in 1930)

Four year old

:
(Harvested m

1928 and
liydrclysed

in 1032)

Ambcmohor . ^

Per cent

8*46

Per cent

14-18

Halwar • • • • , . . . 6*66 10*52

Mahadi • . • • • . 7-20 10*14

These figures show clearly the change produced during a period of two years

in storage; with increasing age the rice becomes easier for attack by chemical

and other agencies.

Action of. diastase absolute

.Diastase is an enzyme which acts on starch breaking it down to reducing

sugars. It is, therefore, a good reagent to measure the differences between
varieties and ages of rice. The strength of diastase used was 0*1 per cent of

Merck’s diastase absolute. The action was tried for one»hour-and-a-half at a

constant temperature of 37 °C. The object in selecting 37 ®C. temperature was
to try the digestion of starches by the enzyme at body temperature. Blank
experiment with diastase only was carried on to ascertain if any quantity of

reducing sugars was produced by the enzyme and to make necessary correction

in the results obtained, but the diastase used did not give any reducing sugars.

The strength of the diastase activity was compared by experimental trials and,
it was found that one c.c. of one per cent diastase was equivalent to 0*75 o.c.

of concentrated hydrochloric acid (sp. gr. 1*16) under the same condition of

temperature, dilution, etc.

Half a grm. of the flour was made into a thin paste with 10 c.c. water
in a large test-tube and w^as gelatinised by keeping it in a boiling water-bath for

three minutes. It was then cooled to room temperature and 100 c.c. of

diaBtase solution of required strength w^as added to the gelatinised starch. To
prevent fermentative and other changes a few drops of toluene were added to
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the mixture. The tube was after that immediately put into a water-bath kept

at a constant temperature of 37 °G. The reaction was allowed to continue for

the required period. The enzyme was killed by adding a few drops of 10 per

cent caustic soda and by immersing the test tube in boiling water for about

10 minutes. The contents of the tube were cooled to room temperature and

made to a known volume in a graduated flask. The solution was filtered through

dry filter paper and titrated against standardised Benedict’s solution for the

estimation of reducing sugars formed. The figm’e for reducing sugars was

multiplied by 0-98 to get the amount of starch and the percentage of starch

hydrolysed was calculated. A number of such tubes necessary for the experi-

ment were handled in one lot. Each trial had a duplicate and the duplicates

agreed with each other.

As in the case of hydrochloric acid three varieties of rice—^Ambemohor,

Halwar and Mahadi, both new and two-year old were tried, and the results

obtained with 0*1 per cent diastase solution for one hour-and-a-half at 87 °0. are

given below.

Table XIII

Per cent of hydrolysed starch with 10 ex. of 0*1 per cent diastase solution at 37® 0.

for 1'5 hours

Year of

harvest
Starch

Itydrolysed

Variety

End of

1930

1928

1930

1928

P®r cent

21-60

31-68

8-70

16-12

18-00

31*14

Amhemokor

New

Two year old

Halwar

New

Two year old

Mahadi

New
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The results also indicate that there are difierences in the starches of different

varieties with regard to the action of diastase. Flours of old grain are attacked

more easily than those of new grains.

The same rice samples were stored for a period of two years more and were

then subjected to the action of diastase as above to get the difference between

two-year old and four-year old rices.

Table XIV

Per cent of hydrolysed starch with 10 c.c. of O’l per cent diastase solution at 37° C
for 1-5 hours

Variety Age Harvest Starch
hydrolysed

Per cent

Ambemohor 2 year old 1930 24*70

4 year old 1928 35*83

BEalwar 2 year old 1930 11*90

4 year old 1928 17*16

Mahadi 2 year old 1930 18-80

4 year old 1928 35-40

The two-year old and four-year old samples show a distinct difference. The
samples of two-year old and four-year old as compared in the

,

above table do
not belong to the same stock. Figures from Tables XIII and XIV can be taken
and arranged as below to show the difference between the two-year old and four-

year old rices belonging to the same original stock for proper comparison.

Table XV
Per cent of hydrolysed starch with 10 cx, O'l per cent diastase solution at 37° G*for

1*5 hours

Variety Two year old Four year old

Per cent Per cent

Ambemohor • * . . • . 31*68 35*83

Halwar • . . . . 16*12 17*16

Mahadi * • • • • • • 31*14 35*40
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This cleariy indicates the change produced during a period of two years in

storage. In the above experinaents samples from one and the same stock were

taken and hydrolysed; at various times to see the eh'ect produced during storage.

Another experiment was arranged in which rices belonging to the same variety

and strain but harvested in diiierent years were subjected to the action of hydro-

lysis at one and the same time. Por this purpose only one variety was taken

and that was Ambemohor. Grains from the harvests of 1928, 1930, 1931 and

1932 were taken and subjected to hydrolysis in the beginning of 1933 so that

there was a new sample collected at the end of 1932, one-year old sample,

two-year old sample and four-year old sample. Only one period of reaction w^as

tried. The material consisted of finely ground rices of different ages. 20 c.c.

of concentrated hydrochloric acid was used with one set and 20 c.c. of one per

cent diastase solution w^as used with another set. Period of action was 24

hours kept at 27 "'C. The estimations were made as in previous calculations,

the i)ercentages being determined on flours.

Table XVI
.

Per cent of hydrolysed starch in 2i hours at 27'' (7®

Year of harvest Age
With

concentrated
hydrochloric

acid

With one per
cent diastase

Per cent Per cent

1928 .
'

. • • Four year old . 58*99 49*40

1930 . , » • Two year old . 50*12 45*45

1931

A

• • • One year old • 47*61 43-64

1932 . • • • -
:

New 46*50 41*17

The new rice shows the least hydrolysis. As the age of the grain increases

the percentage of hydrolysis also increases. The results obtained with hydro-

chloric acid and with diastase are quite parallel.

Action of 'pancreatin

It has been shown that there is a clear diflerence between starches from old

and new samples of rice when they are acted upon by hydrochloric acid and by
diastase. Pancreatin is another enzyme which acts on the starch and hence

the action of this also was tried to see if it could distinguish between the old

and the new rices. The same varieties and the same ages of rices were done

in the same manner as in the previous experiments.
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One-fourth grin, of starch was taken and was gelatinised in test tubes

with 10 c.e. water. After cooling to the room temperature 10 c.c. of different

strengths of pancreatin were added and the reaction was allowed to proceed

for a definite period at 87“C. A few drops of toluene were added to prevent

bacterial action. It was observed that pancreatin was not easily soluble in

water and hence it was shaken vigorously for a minute and a measured portion

was pipetted out as required. After the digestion period was over the test-

tubes with starch and pancreatin were XDut in a boiling water-bath for 15 minutes

to kill the pancreatin. The solutions were made to a known volume and filtered

through dry filter paper. After titration against Benedict’s, standardised solution

the dextrose figures were multiplied by 0*93 to get starch.. The percentage

figures were then calculated.

The strengths of pancreatin taken were 10 c.c. of 0*5 per cent and 10 c.c. of

one per cent and the periods of digestion were two hours and three hours. In

each case duplicates were done and they agreed with each other.

Table XVII

Per cent of starch hydrolysed with pancreatin

Half per cent pancreatin I One per cent pancreatin

Two hours

Per cent

Three hours Two hours

Per cent Per cent

Three hours

Per cent

Variety

Traces

29-52

Trace.=5

36-00

4-32

32-24

4*93

43*36

13-68

24*12

14*76

26.28

20-16

30-60

32*24

44 * 64

Amhemohor

Xew

2 year old

Halwar

Kew .

2 year old

Maladi

41*76
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It will be seen that ‘there is a distinct diSerence in the susceptibility of the

starches of new and old rices towards pancreatin. The starch prepared from

old rices undergoes greater amount of hydrolysis than that prepared from new
ones. The effect of prolonging the period of reaction or increasing the strength

of the enzyme is to increase the amount of action. In all cases the difference

between the old and the new rices persists. One striking feature in the above

experiments is that the starch from new Ambeinohor is practically not acted

upon by 0*5 per cent pancreatin and only slightly acted upon, as compared to

other starches, by one per cent pancreatin. In the previous experiments Ambe-
inohor starch was the (juickest to be acted upon by hydrochloric acid and also by

diastase. With pancreation, however, that position does not remain the same
Especially new Ambemohor seems to resist the action of pancreatin very much.

Conclusions

Eices of three varieties—^Ambemohor, Halwar and Mahadi—both old and new
were subjected to the hydrolysing action of hydrochloric acid, diastase and pan-

ereatin to ascertain if the amount of action produced showed any difference

in the old and new rices.

The hydrolysing action of different strengths of hydrochloric acid, diastase

and pancreatin acting for varying periods was more on old rices than on new
ones whether used as flour or as prepared starch.

If the three rices are hydrolysed at one time and again after two years a

distinct difference in the percentage of hydrolysis is seen, the second trial (after

two years) giving greater hydrolysis than the first. This indicates that as rices

grow old they become more susceptible to the action of hydrolysis.

If the rices of the same strain and variety but harvested in different years are

subjected to hydrolysis, a distinct difference is seen. The oldest rices are

attacked the most and the new ones the least.

With hydrochloric acid and diastase Ambemohor starch is hydrolysed more
quickly than that of the other varieties used for bread-making. This, however,

does not hold good with pancreatin.

In all cases the hydrolysis increased with increasing strength of the reagents

and with increase in the period of action.

All the reactions, therefore, point to the conclusion that old rices are easier

to digest than the new ones.

IV. Liquefabtion op staeoh in new and old eioes

Introduciory

The general belief that old rices are more easily digested than the new ones
has been confirmed by the results obtained so far both qualitatively and quan-
titatively. Now the question arises as to why there is such difference in the
behaviour of the two. There are two probable answers to this question, one of
which is that the starch in the old rices may break down into more easily
digestible portions during the resting period, and the other is that during the



STAECHES PEOM OLD AND NEW GBAIN OF lilGB
. 31

process of edoking the starch of the old rices may undergo greater liquefaction
than that of the new ones, so that it is better attacked by the digestive enzymes
of the human system.

As regards the first possibility it has been found out that the resting seeds
do contain an Amylo-hydrolytic-enzyme (proved further on) and if this is active
during the resting period, it may attack the starch of the grains and thus turn
it into simpler units. This enzymic breaking-down may be further helped by a
physical disintegration of the grain, and these two processes make the old
rices more susceptible to the action of the digestive ferments. This section,
however, aims at studying the liquefaction of starch at different temperatures,
with the object of finding out differences in the starch prepared from new and
old rices if there be any, and thus to account for the difference in the digestibi-

lity of the two to a certain extent. That the cooking quality of starch is closely

co-related with the extent of its liquefaction has long been shown by the work of

Warth and Darabsett [1914] and needs no further explanation.

It is however interesting to note at this stage what happens to the starch

during the process of cooking. The most important change that takes place is

that the structure of the grain changes to a great extent both internally and
externally. The granules break down and rush out of the ruptured cell-walls.

This gives the characteristic jelly-like appearance to the whole swollen mass,

when probably the starch in the grain is said to be gelatinised. In the process

of gelatinisation the starch is to a great extent liquefied and it is this liquefied

starch that is most easily attacked by the digestive enzymes.

Tofanow [1911] carried on some experiments on human subjects with raw

starch of wheat, oat, rice, potato and he came to the conclusion that all of them

were completely assimilated but that potato starch was less digestible than others.

He further said in his work that ‘‘numerous artificial experiments have proved

that the raw starches are more slowly attacked than those ,that have been cooked,

by the digestive ferments’*.

Langworthy and Deuel [1920] who studied the digestion of raw wheat, corn,

and potato starches came to the conclusion that all of them were completely

assimilated though of course the potato starch caused some physiological dis-

turbance. They further say that “Diastase has only a feeble action on un-

cooked starch’’.

Drom the work of the above workers it may be seen how cooking facilitates

the digestion of starch and what role it plays in the chemical and physical

changes that the starch undergoes during this process. The only point with

which we are concerned is the liquefaction of the starch during the process of

cooking.

Experimental

Two grins, of rice in a finely powdered condition was mixed with 2t> c.c. of

distilled water and was kept at fixed temneratures for one hour and a half, the

temperatures being regulated in a water-bath. Thus all the starch that could be

liquefied at that particular temperature was present in the. solution. The con-

tents of the test-tubes were then hydrolysed at 27°0. by 5 c.c. of one per cent

diastase absolute, for two bows. The solution was then made to a known
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volume after killing the enzyme with two to three drops of strong caustic soda.

The solution was then filtered and 50 c.c. of it was subsequently hydro-

lysed by 15 c.c. of hydrochloric acid by keeping the containers in a boiling water-

bath for two hours. The contents were further made to a known volume, after

neutralising the excess of the acid with sodium carbonate, and the reducing

lugars were estimated as dextrose by titration against standardised Benedict s

solution. -From this the amount of starch liquefied at that particular tempera-

ture was calculated. Only three varieties of rices were studied and these

belonged to 1930 and 1928 harvests.

The following temperatures were tried for the liquefaction:--(1) 55°0. (2)

65"C. (3) 75" G. and (4) 95^0.

Commercial diastase does not act on crude starch.. This means that in the

present trials it is only the liquefied starch that is attacked by the commercial

diastase used, at the different temperatures tried. The following are the results

obtained in the present trials.

Table XVIII

Per cent, liquefaction of starch in the new and old rices

Variety

Liquefaction

56°C. 65°C. 75^0. gs'c.

Per cent Per cent Percent Per cent

New Ambemohor • 7-06 12'38 29*76 46*50

Old Ambemohor " *
' '

• 7-83 15*49 37*20 49*46

New Patni . .. • 6-88 14*88 25*66 45*08

Old Patni • 7-44 21*24 29*74 58*12

New Mahadi 6*88 10*04 20*27 40*21

Old Mahadi •'
•

...

• 8-74 11*34 24*74 49* *46

The figures of the above table show that (1) the percentage liquefaction in

general increases along with the temperature and is higher with higher tem-
perature. (2) There is a significant difference in the behaviour of new and old

rices so far as the liquefaction of the starch in them is concerned. The starch

in the old rices undergoes greater amount of liquefaction than that in the new
ones. This is perhaps the reason why old rices are more easily digested than
the new ones.
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V. Study of the amylase enzyme developed in the besting and germinatin€

SBEDE OF BICE

Introductory

It lias been noted that during the process of ‘'keeping’’ the rice seeds undergo

a sort of disintegration and that both the grain and the starch are comparatively

easily acted upon by diastase, pancreatin and hydrochloric acid. It is to be seen

whether this breaking down, and easy susceptibility to the action of hydrolysing

agents is an enzymic process or is due to any physical disintegration of both the

grain and the starch during the course of storing time. With this object it was

decided to study the amylase enzymes that are developed in the resting and

germinating seeds of rice with a view to find out the difierenee, if there is any,

in the behaviour of the two and also to compare the activities of the two witn

that of standardised solution of diastase absolute (obtained from E. Merck)^

under the same conditions of temperature and dilution.

Brown and Morris [1895] are of opinion that the "Saccharifying ferment’' is

entirely a product of germination and that ungerminated barley does not contain

any starch-transforming body. In the same paper however they quote Kjeldahl’a

opinion on this point (Besume De Comptes Bendus—1875—1—129) which runs

as follows:

—

“He has shown the existence of an active amylohydrolytic enzyme in un-

germinated barley and though this has a considerable saccharifying power upon

soluble starch yet it has scarcely any influence m liquefying starch-paste.” The

enzyme of the resting seeds is thus difierentiated from that of the germinated

seeds in not having the power of liquefying starch.

It will thus be seen that an amount of work of a similar nature has been

done in the past, though not on the rice seed. The following experiments wpe
arranged to see whether amylohydrolytic action goes on very slowly in the resting

seed making the seed more and more susceptible to the attack when favourable

conditions occur. In this connection the ajnount of reducing sugars formed by

the action of the enzyme alone has been taken as a measure of the activity of

the enzyme. Trials with germinating seed also were taken for comparison.

Exforimental

Eor the study of the enzymes of the resting and germinating rice seeds, the

experiment was laid out into nine different lots and each lot was analysed sepa-

rately for dextrose, the amount and formation of which was taken as a measure

of the activity of the enzyme. In the case of all the lots duplicate trials were

made and the dextrose formed as a -result of the action of the enzyme was esti-

mated by Benedict’s method. In the case of the resting seeds those of previ-

ous year’s harvest were used and in the case of germinated seeds those that were

in the soil for 96 hours (4 days) were used. All natural conditions regarding the

amount of moisture, uniform sowing, etc. were given to the seeds and the

germination was complete by the 4th day, when the seeds had put forward
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both the radicle and the plumule. The average length of the plumule was about

1*25 cm. and that of the radicle was nearly one cm. The plumule wais slightly

green in colour. ^ .

Seeds of the above description were used in the lot of ‘‘germinated seeds''

and before preparing an extract with distilled water, they were completely freed

of all the adhering soil and the portions of shoots and roots. The following

were the lots made in the present experiment:

—

Lot I.—Blank—he. Extract of resting seeds.

Lot II.—^Blank—-he. Extract of germinated seeds.

Lot III.—Blank-—f.e. Extract of 0*5 per cent, diastase absolute.

Lot IV.—Ungelatinised starch plus extract of resting seeds.

Lot V.—Ungelatinised starch plus extract of germinated seeds.

Lot VI.-—Ungelathiised starch plus extract of 0*5 per cent diastase

absolute.

Lot VII.—Gelatinised starch plus extract of resting seeds.

Lot VIII.—Gelatinised starch plus extract of germinated seeds.

Lot IX.—Gelatinised starch plus extract of 0*5 per cent diastase absolute.

Preparation of the extracts

In the case of resting seeds those of two-year old harvest were used, and in the
case of germinated seeds one-year old seeds which were in the soil for 4 days
were used. The germinated seeds were cleaned of all their adhering dirt and the
portions of the shoots and roots, and then the extract of the same was made. In
both the lots 30 grms. of seeds (germinated and resting) were used and they
were extracted with 100 c.c. of distilled water for 24 hours, after shaking the
same on a machine run by hot air, for 5 hours. During extraction a few c.c. of

toluene were added to prevent fermentation and other changes. These extraets

were used for the hydrolysis of the rice starch. As said before the experiment was
laid out into 9 different lots and the hydrolysis was carried on at the tempera-
ture of 27°C. under the same conditions of dilution, etc. In the case of

diastase solution 20 c.c. of 0*5 per cent strength was used and in the case of

all other extracts the same volume i.e, 20 c.c. was used for the hydrolysis. The
amount of starch used for the lots was 0*25 grms., and for lots with gelatinised

starch this quantity was treated with a few c.c. of water and was subsequently
heated on a sand-bath. The hydrolysis was allov/ed to proceed for 24 hours and
at the end of this period the action was checked by the addition of a few drops



STARCHES FEOM ORB AND NEW GRAIlSf OF RICE 35

of strong alkali (sodium hydroxide) and subsequently boiling the nimures on
a sand-bath for a few minutes. During the period of reaction the fermentative

changes were checked by the addition of a few drops of toluene to the reacting

mixtures. After making the volume to 100 c.e. the mixtures were filtered

through a dry filter paper and were subsequently titrated against standardised

Benedict’s solution. The activity of the enzymes has been expressed in terms
of rngs. of dextrose formed from equal quantities of starch under the

same conditions of temperature, dilution of the extract (strength of the extracts),

etc. The following are the results obtained in these trials:

—

Table :XIX

Amount and extent of hydrolysis effected by the enzyme of the resting seeds and that

of the germinated seeds, under similar conditions in terms of 7)igs, of dextrose

formed from gelatinised and ungelaimised rice starch

Lot
No.

Details of the lots
Dextrose
formed

Duplicate

Mgs. Mgs.

I Blank with extract of resting seeds 39 ‘24 39-24

II Blank with extract of germinated seeds 44-44 44.44

III Blank with extract of 0*5 per cent diastase absolute 0‘b 0-0

IV Ungelatinised starch plus extract of resting seeds . 64*51 64-51

V Ungelatinised starch plus extract of germinated
seeds.

68-68 69-44

VI Ungelatinised starch plus extract of 0*5 per cent

diastase absolute.

Traces Traces

VII Gelatinised starch plus extract of resting seeds 102-5 105-26

VIII
"

Gelatinised starch plus extract of germinated seeds 312-6 307-6

IX G^elatinised starch plus extract of 0*5 per cent

diastase absolute.

222-2 222-2

Trom the above table we find that the extracts of both the resting and germi-

nating seeds show the same amount of dextrose and that the extract of germi-

nated seeds shows a little more of the same than the extract of resting seeds.

Thus for the former we have 44*44 mgs. and for the latter we have 39*24 mgs.
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of dextrose. This means that the resting seeds do contain some amount of

dextrose. In the case of 0*5 per cent extract of diastase absolute, a blank

experiment with the same gave no test for reducing sugars. Going now to the

fourth lot we find that 64-5 mgs. of dextrose have been formed from 0*5 grms.

of rice starch by the action of 20 c.c. of extract of resting seeds for a period of

24 hours. This proves the existence of an enzyme in the resting seeds, which is

; capable of attacking ungelatinised starch to some extent. By comparing the

S figure obtained for the first lot i.e, (for the blank with extract of resting seeds—

1
39*24 mgs.) with that of the fourth one we find that the latter gives us an increase

of nearly 25 mgs. which is clearly due to the action of the enzyme of the rest-

ing seed on ungelatinised starch. Going now to the fifth lot we find that the

figure for the dextrose here is slightly higher than that for the previous one,

the increase j3eing a little more than four mgs. This increase is, therefore, due

/: to the slightly greater activity of the enzyme of the germinated seeds and this

activity may be probably due to the better conditions of temperature and mois-

^ j
. ture that are given to the germinating seeds.

It had already been pointed out in the Introductory part of this section that

Browm and Morris [1895] are of opinion that the resting seeds do not contain

any '‘starch-transforming body’' and that “it is entirely^ a product of germi-

nation”. However in the light of the results obtained in the present work it

can be safely said that though slightly less active than the enzyme of the

germinating rice seeds the resting seeds do contain such a starch-transforming

body and that during the process of germination this body increases in its acti-

vity. These results are supported by the work of Kjeldahl [1880] who has

actually proved the existence of “An active amylo-hydrolytic enzyme in un-

germinated barley,” Brown and Morris are of opinion that though this enzyme as

shown
^
to be present in ungerminated barley has a considerable saccharifying

power yet it has “scarcely any influence in liq[uefying starch paste.” Though
in the present paper the actual liquefying power has not been studied yet it can

be safely said from the results obtained that the enzyme of the resting seeds

does act on ungelatinised rice starch and it could not be so if it had no liquefying

power. Or it may be that even this enzyme may be a complex of two or more
co-enzymes one of which may be with some power in liquefying the starch to

some extent which is then attacked by the other and turned into dextrose.

Going now to lot six we find that we hardly get any hydrolysis and this

means that an extract of diastase absolute (0*5 per cent) is not able to act on
ungelatinised starch as the other two do, and slight traces of dextrose are formed
in this case. This is supported by Brasse [1885] who says that “Commercial
diastases have no eflect on crude or uncooked starch, and this is due to the

alteration that they imdergo in the process of extraction.”

Lot seven which represents the action of the extract of resting seeds on gela-

tinised starch, shows 102*5 mgs. of dextrose, and 105*26 mgs. as a duplicate of

the same. Lot eight, which stands for the action of the extract of germinated
seeds on gelatinised starch shows 312*5 ,mgs. of, dextrose and 307*6 mgs. as its

duplicate. Lot nine gives 202*2 mgs. and this stands for the action of diastase
absolute (0*5 per cent) on gelatinised starch. This means that an extract of
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germinating seeds is more active than that of the resting seeds. Comparing the
figures of lots seven and eight with those of nine we find that an extract of

diastase of 0*5 per cent strength has greater action on gelatinised starch than
an extract of resting seeds (strength 80 per cent) though an extract of germi-
nated seeds has greater action still than the above two. Similarly an extract of

germinating seeds gives 210 mgs. and about 110 mgs, more of dextrose than an
extract of resting seeds and an extract of diastase (0*5 per cent strength)

respectively when they are allowed to act on equal quantities of rice starch.

The following are some of the conclusions drawn from the results obtained in

the present work:

—

(1) Both the germinated and the resting seeds contain some amount of

dextrose and it appears that it is formed from the action' of the enzyme present
in the seed. The amount present in the germinated seeds is slightly greater

and this is probably due to the increased activity of the enzyme during germi-

nation.

(2) The enzyme of the resting seeds does act on ungelatinised starch, though
of course the action is decidedly less when compared to that of the enzyme
present in the germinating seeds. Diastase absolute however is not able to act

on ungelatinised starch.

(3) The action of all the three enzymes is greater on gelatinised starch than

on an equal amount of ungelatinised starch.

(4) The enzyme of the germinating seeds appears to have the greatest action

on gelatinised starch; then comes the diastase and last is the enzyme of the

resting seeds.

(5)

The action of the extract of resting seeds on ungelatinised starch proves

that it has some power of liquefying the starch, or it may be that this enzyme
is a complex of two or more ‘‘co-enzymes'’ one of which liquefies the starch

and the other turns it into dextrose.

After proving the existence of an amylo-hydrolytic enzyme in the resting

seeds it is easy to understand the difference between new and old rice grains.

"We have already seen that this enzyme has the power of attacking both

gelatinised and ungelatinised starch of the rice grain and it, therefore, appears

that if the enzyme remains active during the resting period of the grains it

may, to a certain extent, attack the starch that is present in it. We have seen

that the starch and also the fiour of the old rices undergo greater action when
treated with different hydrolysing agents, than the starch and flour of new

ones. This easy susceptibility of the old rices to the various treatments

appears to be not merely due to a physicar disintegration of the grain into

simpler products, during the period of storage, but also due to a certain enzymic

action during this period. We have seen that during the resting period the rice

and its starch change some of their physical properties, and they are attacked

to a greater extent by alkalies when treated with them. It is also noticed that

old rices and their starches undergo greater disintegration when boiled with

water than the new rices and the starches prepared from them.
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THE MECHANICAL ANALYSIS OP LATERITIG SOILS

2. A NOTE ON THE APPLICABILITY OF THE HYPOBEOMTTE METHOI)

"I

I

BY

JOGBNDEA NATH CHAKRABOETY,

AND

ASHUTOSH SEN,

Agricuitural Besearch Section, Department of Chemistry, Dacca XJniversity

(R03eiv0i for publication on 9fch October 19B4)

Troell [1931] has developed a new method for the mechanical analysis of

soils using sodium hypobromite. The method appears to be a promising sfeneral

method and has an advantage over the popular International Soda method in

that the agent (sodium hypobromite) for oxidation of organic matter in the

new method, unlike that (hydrogen peroxide) in the International Soda method,
is unaffected by the temperature of tropical countries.

In order to see if the hypobromite method was suitable for the mechanioal

analysis of Indian lateritic soils, a few such soils were analysed by this method
and the results compared with those obtained by the International Soda method.

Table I

Percentage of clay obtained by differeyit methods

Soil No. . . . . . . . 3 4 .

'

"

5

Sodium hypobromite method . . 15*3 14*0 11*4

International Soda method . . .

i

19-2 16*3 16’

6

It is seen from above that in the case of soil Nos. 8, 4, and 5 the hypobromite

method gave low clay figures, in other words, the dispersion in the case of

these soils was incomplete.

In the first paper of this series [Chakraborty and Sen, 1932] it has been

shown that these lateritic soils refused to disperse fully unless they were shaken

for 24 hours in a suspension of pH about 10^5. In the hypobromite method

shaking for half an hour is recommended with a suspension whose reaction may
be slightly alkaline. To test, therefore, whether dispersion improved in the

case of the hypobromite method, determinations were made employing 24 hours'

( 39 )
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shaking and making the suspension more alkaline. The results are given in

Table II below :
—

Table II

Percentage of clay obtained by different dispersion treatments

Soil No. International

Soda method

j

Hypobromite
method

hour shaking

Hypobromite
method ; 24

hours* shaking

Hypobromite
method ; 24

hours’ shaking
pH 10* 5

3 ;
: ;i9-2 : „

,

15*3., : :

16*7 19-1

'4".'
;

, „ vV 16*3
,

14- 0, .

15-0'
• 17-3

::

5 . 16*6 .
11* 4 12-9 1.5*2

32-8 39*8 ' 45 •7

19 . ;

j

17*0 :
24*0 28*9

Comparison of results given in column 4 of the above table shows that

better dispersion of soils was obtained by including the standard shaking proce-

dure extending over 24 hours in the hypobromite method. Even then the !

Imount of clay so obtained is smaller than that given by the International Soda
|

method. But when the suspensions Avere made more alkaline and shaken for
j

24 hours the amount of clay thus obtained is practically equal to that given by t

the International Soda method,
|

it is clear, therefore, that the dispersion of some of the Indian lateritio soils

by the hypobromite method is not complete unless the following modifications
|

Ire introduced:— |

(1) Addition of sufficient quantity of alkali so that pH of the final sus-
|

pension is 10*5. t

(2) A larger period of shaking than recommended in the original method.

But the greatest objection to the hypobromite method is that it requires the

use of large quantities of obnoxious and injurious chemicals like bromine and
ammonia and therefore quite unfit for inclusion in routine practice.
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3. A NEW ME'THOD USING ALKALINE PEEMANGANATB EOR OXIDA
TION OF ORGANIC MATTER
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(Recieved for publication on 20th October 1934)

A method termed the ‘‘Direct Soda Method’' for mechanical analysis

Indian lateritic soils was developed and published by the author and Sen [1932].

The essential feature of this method consists in dispersing the soil directly by
shaking with water made alkaline, pH about 10*5, with sufficient caustic soda.

This method was evolved in the light of the fact that the majority of Indian

lateritic soils contained little organic matter, calcium carbonate and exchange-

able bases so that the pre-treatment of these soils with hydrogen peroxide and
hydrochloric acid as recommended in the International method was not necessary

but it was shown that the dispersion medium should have a pH about 10*5. In

exceptional cases where lateritic soils contained more than 2 per cent of organic

matter, it was recommended to include in the method the pre-treatment with

hydrogen peroxide so as to remove humus. It may be of interest to mention

here that almost simultaneously with the publication of our paper [Chakraborty

and Sen, 1932] embodying these results the Imperial Bureau of Soil Science

brought out their Technical Commmiieation No. 26 [Robinson, 1933] in which
it was stated that while destruction of humus was always advisable to ensure

complete dispersion, results of mechanical analysis of a large number of soils

including laterites indicated that where less than one per cent carbon was

present the depression of the clay figure due to non-removal of the organic

matter was not serious. This statement corroborated our conclusion since one

per cent organic carbon might be considered as equivalent to 1*72 per cent

organic matter [Read and Eiddgell, 1922].

It was however felt that a method for mechanical analysis should be free

from limitations and that attempt should be made to find one general method
for dispersion of lateritic soils in which organic matter is present in large or small

quantities. Furthermore the use of hydrogen peroxide which is costly and

unstable in India should be avoided. Accordingly a search was made for a

suitable agent for the oxidation of organic matter. Sodium hypobromite as

recommended by Troell [1931] was tried [Chakraborty and Sen, 1935] but it

was considered unsuitable for inclusion in routine practice. Eventually alkaline

permanganate was found to be a satisfactory agent and a new method for the

mechanical analysis of all classes of lateritic soils h^a^^ been developed using this

agent as reported below.

Use of alkaline permanganate in oxidation of organic compound is well

known [Bigelow, 1919, 1922]. Liquid fatty acids are also oxidized by alkaline

permanganate and hydroxylated acids are obtained [Lewkowitsch and Warburton,
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1921]. Fallot [1924] made use of potassium permanganate as an oxidizing

agent for estimation of humus in soil after extraction of the same with caustic

potash. So at the first instance 4 soils of lateritic type containing organic

matter from 2*4 to 10 per cent were heated with a solution of potassium per,

manganate in presence of caustic soda and it was found that in duplicate experi-

ments with a particular soil almost equal quantities of alkaline permanganate

were decolorised. The reaction involved in the process of oxidation may be

represented thus :
—
2 KMWO 4 + KOH -f HgO =; 2Mn02 -h 3 KOH + 30

The oxygen liberated oxidises the organic matter. The hydrated manganese

dioxide produced as a result of reaction and incorporated with the soil is removed

by adding gradually a concentrated solution of sodium bisulphite in the soil

acidified with hydrochloric acid. The soil is filtered, washtid with sodium

acetate solution until free from manganese and sulphate, and finally alkalised

to pH 10’ 5 with normal sodium hydroxide and shaken.

Soil samples

Samples of soils used in this investigation represent the typical Indian

laterites. Silica sesquioxide ratios of these samples vary from 1 tc 2 and all of

them contain very little calcium carbonate and exchangeable bases.

Solutions used are:—
(1) Normal sodium hydroxide.

(2) Normal potassium permanganate prepared by dissolving 31*6 grms. of

permanganate in water and making up to a litre; 50 c. c. of this

solution is capable of oxidising *09 grm. of organic carbon in an
alkaline medium.

(3) Normal hydrochloric acid.

(4) 25 per cent sodium bisulphite solution, 5 c. c. of the freshly prepared

solution dissolves manganese dioxide produced from 50 c.c. of the

above permanganate solution. This solution should not be

preserved,

(5) Acidified sodium acetate solution prepared by dissolving 100 grms. of

sodium acetate (crystalline) in a litre of water and just acidified

before use with normal hydrochloric acid adding a few drops of

methyl orange aa internal indicator. Calcium sulphate is about

4 times more soluble in this reagent than in water. Hydrated
manganese dioxide is also slightly soluble in it.

Experimental

(a) Oxidation of organic matter

Twenty grms. of air-dry soil are taken in a 600-c. c. Pyrex beaker to which
50, c. c. of permanganate solution and 5 c. c. normal sodium hydroxide are added
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successively. The beaker is then placed over a sand-bath and the mixture

stirred frequently. As soon as the permanganate colour disappears a fresh

addition of 50 c. c. of the permanganate solution is made. This is repeated

until the colour lasts for about half an hour after a fresh addition. In soils

containing large quantities of organic matter 100 c. c. permanganate may be

decolorised within 15 minutes. After the permanent colour has been obtained,

25 c. c. permanganate and 5 c. c. normal sodium hydroxide are added and the

reaction completed by heating for half an hour more. Oxidation of humified

organic matter is taken as complete when 25 c. c. of permanganate is not

decolorised after heating for 30 to 40 minutes. It has been observed' that soils

containing more than 10 per cent organic matter require less than two hours and

a half for this operation while in the case of the majority of the soils reported

here oxidation was found to be finished within an hour and a half.

(b) Removal of cMlcium. carbonate

Although Indian lateritic soils do not contain sufficient calcium carbonate

and exchangeable calcium to interfere with direct dispersion with sodium hydro-

xide, it is advisable to include a process for removing calcium carbonate so that

the present method may be applicable to all types of soil. After oxidation of

organic matter is complete, the beaker is taken oH the sand-bath and allowed to

cool. Enough hydrochloric acid is then run in from a burette until evolution

of carbon dioxide ceases and the mixture is rendered slightly acid to blue

litmus paper. A further addition of 50 c. c. normal hydrochloric acid is made

and water is added if necessary, to make the mixture about N/5 acid. The

contents of the beaker are frequently stirred with a glass rod for about an hour

and allowed to stand until the soil settles. The supernatant liquid is passed

through a filter and the residue is washed with about 50 c. c- water by decanta-

tion. Soils containing unusually large quantities of calcium carbonate should

be given a further washing with 50 c.c. of water.

(c) Separation from hydrated manganese dioxide

Ten c. c. of normal hydrochloric acid for each 50 c. c. o£ permanganate

used for oxidation and 20 c. c. in excess are run into the beaker containing the

washed soil from (b) and sufficient w^ater is added to adjust the strength of the

acid to about N/2-5 3 to 4 c. c. lots of 25 per cent sodium bisulphite solu-

tion are then added but the contents of the beaker are shaken by hand after

each addition. This process is continued until all manganese dioxide is

dissolved when the soil looks free from any dark colour. The material m the

beaker is allowed to settle and the supernatant liquid is passed through the

same filter used in (b). Any black particle of manganese dioxide that might

have adhered to the filter in course of filtration in (b) will be dissolved when it

comes in contact with this decanted liquid. Otherwise a dilute solution of

bisulphite is to be passed through the filter. To ensure complete removal of

manganese dioxide 5 c. c. of normal hydrochloric acid solution and 1 to 2 c. c.

of bisulphite solution may be added to the residue in the beaker and shaken for
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a few minutes. Treatment with bisulphite in presence of acid should not be

carried for a longer period than necessary for removal of mangauese dioxide.

This operation (c) does not require more than 30 to 40 minutps even in soils

containing more than 10 per cent organic matter.

(d) Wdshhig fi'&G froTn manganese afid sulphate

T]i6 soil is transforred to th.6 filtor and wasliod witii about) lU c. c. watsi

and tiLen with sodium acetate solution allowing the filtrate to drain off com-

pletely before a fresh addition of the acetate solution is made. Washing with

this reagent is continued until the filtrate is free from sulphate and manganese.

Manganese may be tested by boiling a few drops of the filtrate with a little

bromine water and then again boiling with a few drops of ammonium hydroxide

when a black precipitate indicates presence of manganese. The presence of

sulphate may be detected by the usual barium chloride test in the hot. For

most soils washing with 200 to 800 c. c. of acetate has proved g^uite sufficient.

In exceptional eases 400 to 600 c. c. may be required. Finally the sojI is

washed twice with about 25 c. c. water through a fine jet so as to remove the

adhering sodium acetate from the beaker and the filter paper as far as possible.

It was found that filtration and washing in Buchner funnels xinder pressure

is much more rapid and efficient than those carried out in ordinary funnels.

For fixing up the filter paper with the Buchner funnel we have- used paraffim in

place of Durofix cement (cellulose acetate) and found it to be quite satislact. ry.

(a) Dispersion and sampling

After the soil has been washed and drained, it is transferred into a 500-c. c.

bottle and 8 c. c. of normal sodium hydroxide is added for every 20 gnus, of

used. The bottle is shaken in an end-over-end-shaker at the rate of about

40 revolutions per minute for six hours. The contents of the bottle are made up

to 2 litres and subjected to pipette sampling for determination of clay and silt*

Coarse sand and fine sand are estimated by sieving . and sedimentation respec-

tively. The soil need not be rubbed while passing through 0*2 mm. (No. 70

I. M. M.)sieve.

(/) Determination of loss on solution

An aliquot part generally 1/10 to 1/5 of the filtrate from h to d (rendered

free from permanganate colour if necessary with a few" drops of bisulphite) is

boiled with a little concentrated nitric acid to oxidize any ferrous iron and.

sodium bisulphite present in the filtrate. A modified method of determination

of sesquioxide in presence of a large quantity of manganese dioxide is fohowed.

The essential feature of this method lies only in using a larger quantity of

ammonium chloride and a limited quantity of ammonium hydroxide for precipi-

tation of iron and aluminium. This method has been developed by Lundell and
Knowles [1923] and described by Treadwell and Hall [1930] tins:—

‘‘To the acid solution containing 5 grms. of ammonium chloride and nofi
than 0*2 grm. of iron and aluminium cations in 20 c. e. of solution, add a
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few drops of a 0‘2 per cent solution of methyl red in alcohol and heat just to^

boiling. Carefully add normal ammonium hydroxide solution drop by drop

until the colour of the solution changes to a distinct yellow. Boil for 2 minutes
and filter promptly. Wash with hot 2 per cent ammonium nitrate solution

until free from chloride As good a separation of iron

and aluminium from manganese is accomplished in this way as by a single

basic acetate precipitation. It is advisable to dissolve the precipitate and repeat

the precipitation when the precipitate on ignition is likely to weigh more t’aan

0*1 grm. or when a 9 cm. filter is more than half full or the precipitate’'.

Experimental results and discussions

In view of the fact that International Soda method is so far considered as-

the most satisfactory and rapid method of mechanical analysis applicable to a

large variety of soils it was decided to carry out comparison of the clay and

clay 4* silt figures obtained by this method and the method under investigation

using 18 typical Indian lateritic soils. It has been pointed out by Eobinson

[1933] and rightly so that in the case of gypseous soils the International Soda

method also needs modification. As there is no gypsum present in the soils

under examination, the International Soda method is expected to yield satisfac-

tory results.
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Table I

Peroentage of clay and clay

+

silt in air-dry soil

Soil

No.
Lab.
No.

Locality Loss on
igni-

tion

International Soda
method

H2 02 -HCl-NaOH
(One per cent suspension
of 20 grms. soil shaken
for 24 hrs. with 8 c. c.

N NaOH)

Alkaline permanganate
method

(One per cent suspension
of 20 grms. soil shaken

: for 6 lirs, with .8 c. c.

NaOH) •

Clay
Clay +

silt

Loss on
solution

Clay
Clay 4-

silt

Loss on
solution

1 U Madras

.

16*5 44*4 57*1 0*4 44*2 55*4 1*3.

2A 58A Bombay . 17*5 39*4 53 *6 0*43 37-7 53*8. 0-97

3 64 Burma 10*8 18*4 23*3 1*6 19*4 24*7 1*2

4 74 Orissa 5*8 15*8 35*0 0*92 16*9 36*5 1*3

6 24 ' C.B. 9*7 11*8 24*1 0*14 12-1 25*4 0*4

GA 30A Madras 25 • 2* 48*4 59*0 2*2 49*7 62-8 1*4

7 80 Assam 11*9 29*2 46*8 0*6 28*4 46*6 0*6

10 11 Bihar 5*5 22*8 36*8 0*3 23*0 37*7 0*5

14 26 Madras 3*8 11*7 14*7 0*2 11*7 14*8 0*3

15 20 Burma 4*0 12*1 18-5 0*35 12*2 18-7 0*47

16 38 Bengal 4*7 18*2 ! 28*2 0*8 18*3 28*2 0*45

17 44 Bengal 2*8 9*7 24*3 0*24 9*8 24*4 0*4

19 88 Assam 22*7 31*3 61*9 3*7 33*7 65*7 1*7

20 56 Bombay . 18*3 45*2 59*6 1*0
j

45*4 61*5 0*94

21 60 Burma 13*6 48*2 61*8 0*7 46*8 60*1 1*2

22 66 Bihar 3*5 14*0 22*7 0*5 14*3 22*9 0*6

23 76 Orissa 11*3 41*2 62*8 0*7 40*5 63*7 0*96

24 86 Assam 4*3 12*5 22*2 0*46 12*7 22*2 0*6

^Containing 10 per cent organic matter^

A perusal of Table I clearly indicates that the agreement between the two
sets of figures by the two methods are on the whole very good. The alkaline
permaxigBnate method is therefore as efficient as the International Soda method
in ejecting maximum dispersion of soil. Further, the percentage loss on solu-
tion in the permanganate method did not exceed that in the International Soda
miethod.
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Time of shaking required for complete dispersion

47

Six soils rich in organic matter were chosen and their clay figures were
estimated by the alkaline permanganate method shaking the final suspension
to varying lengths of time from 3 to 24 hours. The results are given in Table II
below from which it will appear that it is not necessary to shake for more
than six hours with this method.

Table II

Percentage of clay in air-dry soils

Soil No,

Hours of shaking

3

i

6 12 24

2A 37-9 37*7 37-9 38‘3

3 . .
19-3 19-4 19*4 19*2

5 . . .
12*6 12*1 12-6 13-4

6A . . ,
47*1 49-7 49‘4 49*9

19 . ,
33‘9 33‘7 33*5 33*7

20 . •
45-1 46-4 45*6 46*3

Soils to which large quantities op calcium carbonate and calcium sulphate

HAVE BEEN ADDED

As no soil rich in either lime or gypsum was available in this iaboratopy y
was thought to test the applicability of alifaline^ permanganate method m,

samples of soils mixed with large quantities of calcium carbonate and calcium

sulphate. It is admitted that the behaviour of these soils may not be the same

as that of soils rich in lime or gypsum in the natural state, but it is t-oug

that some idea as to the interference to dispersion, if any, due to Ime and

eypsum may be obtained from experiment with these mixed soils. ^U-grm.

lots of four' soils were taken. One lot was left untreated while 4 grms. of

calcium carbonate were added to each sample of the second lot and ^
^ms or

calcium carbonate + 2 grms. of calcium sulphate to each sample of the *
.

The results of analysis of these soils by the alkaline permanganate metho

are given below. .
-
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Table III

It is clear from the table that maximum dispersion is oij

alkaline permanganate method whether the soil contains calciii

calcium sulphate or not. This is probably due to the fact that g

gypsum present in the soil is transformed into calcium carbon:

reaction between C£ ^

tion of organic matter with alkali permanganate

ed thus :
—

ini carbonate and

greater part of the

ate as a result of

alciurn sulphate and alkali carbonate produced during oxida-

The reaction may be represent-

Na2 COs i-CaS04 = Na2 vSO^ t Ca^Os

The calcium carbonate formed along with that originally present in the soil

is removed by the subsequent hydrochloric acid treatment followed by washing.

On the other hand, washing with sodium acetate solution included in the

method also helps to remove gypsum to a great extent, for the solubility of

calcium sulphate in the acetate solution is found to be 4 times greater thm in

water. It must be pointed out however, that for soils containing gypsum

sodium hydroxide as demanded by the above equation (15 c. c. normal caustic

soda for each one grni. calcium sulphate) should he added gradually in addition

to the quantity of alkali used with permanganate to reniove organic matter.

Coarse gypsum present in gypseous soils should be removed by passing the soil

through a 70-mesh sieve after oxidation with alkali permangnate and before

addition of hydrochloric acid [Bohinson, 1983],

Finally it may be mentioned that although the alkaline permanganate

method has been shown here to be quite suitable for the mechanical analysis of

Indian" lateritic soils, it is expected that the method will be found equally suit-

able for all other types of soil.

Short description of the alkaline permanganate method for the mechanical

ANALYSIS OF LATERITIC SOIT.S

Twenty grms, of soiBare taken in a 600- c. c. beaker to which 50 c. c.

of BT6 per cent potassium permanganate and 5 c. c. of normal caustic^ soda are

' Soil No.

Loss on
ignition

Percent clay

(Untreated
soih

Per cent clay

soil + caleiam
carbonat e

Per cent clay

soil -|- calcium
carbonate -f

calcium sul-

phate

.2A .
17-5 37-7 37-7 36-7

10’

8

19-4 19-0 19*1

6A 23*2 49*7 48-4 48*6

19 . V . 22*7 33-7 32*9
'

i

34*0
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added. The beaker is then placed on a sand-bath and the mixture stirred fre

-

queiitiy. As soon as the colour disappears a fresh 50 c. c. of permangaiiatet
solution is added. This is repeated until the colour lasts for half an hour when
a further addition of 25 c. c. permanganate and 5 c. c. normal caustic soda is

made and the whole thing heated again for 30 to 40 minutes to bring oxidation
to a finish.

The beaker is then allowed to cool. Sufficient normal hydrochlorh acid

is run until evolution of carbon dioxide ceases and the mixture becomes slightly

acid. Further 50 c. c. of normal hydrochloric acid is added and the strength

of the acid in the beaker is adjusted to A/5 with water. The contents of the

beaker are frequently stirred for one hour and allowed to settle. The superna-

tant liquid is filtered off and the residue in the beaker is washed with about 50
c. c. water by decantation to remove greater part of calcium salts.

Ten c. c. of normal hydrochloric acid for each 50 c. e. of permanganate used

and 20 c. c. in excess are poured into the beaker and an equal quantity of

water is added. Twenty-five per cent solution of sodium bisulphite added to

the material in the beaker in doses of B to 4 c. c. stirring frequently after each

addition until all manganese dioxide is dissolved.

The mixture is allowed to settle and the supernatant liquid is poured on the

filter used previously. The residue in the beaker is transferred to the filter

and washed with a little water and then with 10 per cent sodium acetate,

solution, just acidified with hydrochloric acid, until the filtrate is free from*

manganese and sulphate. The soil is draiued and finally washed twice using

25 c. c. Avater each time.

The residue in the funnel are transferred to a 500-c. c. bottle by means of

a jet of water and shaken for 6 hours in a rotary shaker moving at a speed of

about 40 revolutions per minute with 8 c. c. of normal caustic soda.

The soil suspension is made up to 2 litres and subjected to pipette sampling.

Summary

(1) A new' method for the mechanical analysis of lateritlc soils has been

developed using alkaline permanganate to remove organic rnatter.

(2) The results for clay and clay plus silt obtained by this method in -the

case of 18 lateritic soils from all over India were comparable to those obtained

l)y International Soda method.

(3) The loss on solution in this method is not greater than that in the

International Soda method.

(4) Shaking for six hours in a rotary shaker is sufficient ,
for complete dis-

persion of soil by this method.

(5) This method wfithout modification w^as able to disperse completely

four lateritic soils in which large quantities of calcium carbonate and sulphate

ihave been added.

(6) The method is described fully.
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(7) Advantages of the method are:—

•

(i) Alkaline permanganate is equally suitable in temperate and tr .epical

countries where hydrogen peroxide is less stable.

(ii) It can be used in manganiferous soils where hydrogen pcra.dde is

required in large quantities or is useless.

(iii) Time required for oxidation does not exceed three hours even in soils

containing large quantities of organic matter (e.p., 10 per cent).

On the other hand hydrogen peroxide and sodium hypobromite

require much longer time for the purpose.

(iv) Obnoxious and injurious chemicals like bromine, as in the method

•using sodium hypobromite, are avoided.

(v) This reagent is much cheaper than either hydrogen peroxide or sodium

hypobromite.

(8) Although the alkaline permanganate method has been shown here to be

quite suitable for the mechanical analysis of Indian lateritic soil, it is expected

“that the method will prove equally suitable for all other types of soil.
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I. Introduction

Stinking smut or bunt of wheat was untii recently believed to be caused

by two closely related species ol Tilietia viz., T . caries (DC.) Tul. [T. tvitici

(Bjerk.) Wint.] and T. foetens (Bevk. and Curt.) Trek {T. laevis Kuehn.), but

diseased seeds of certain wheat varieties collected at Karnal (Punjab) in May

1930 showed the presence of an undescribed species of this genus diSering

from T, caries and T. foetens in several respects. It was named by the

author as T. indica and a brief description has already been published [Mitra,

In India, three species of Tilietia are known to occur and their distribution

is as follows:—
T. cane^.—Gilgit (Kashmir), Sopor (Kashmir), Simla Hills and Kangra

(Himalayan range).

T. foetens

.

—Gilgit (Kashmir), Sopor (Kashmir), Jubbal (Simla Hills) and

Baluchistan (Himalayan and Sulaiman Mountain ranges).

T. mdfca.—Karnal, Lahore, Amballa, Jaranwalla, Lyallpur and Bopar

(Punjab) and Peshawar (North Western Frontier Province).

( 51 )
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It will be noticed from tfie distribution of the three species that so far as

it is known at- present, bimt caused by T. caries and T* foetens m confined to

the cooler regions of the Himalayas and Baluc'histan, while T. indica occurs

only in the plains of the Punjab and the North WeBtern Frontier Province.

Howard and Howard [1909] recorded the occurrence of bunt on wheat at

Lyaiipur. T. mdicai has been found at that locality and the neighbouring

districts in the plains of the Punjab during the last four years. It is likely

that the bunt observed by Howard and Howard as early as 1908 was caused

by this species.

The author has not been able to find any specimen of T, indica in the

herbarium collection of bunts of wheat preserved at the Imperial Institute of

Agricultural Research, Pusa- This shows that this bunt was never even

collected before.

It has been found that low temperatures are most favourable for the

infection of susceptible wheats by T. foetens and T. caries. At temperatures

much above 10° C., the percentage of infection falls off rather rapidly and few
seedlings grown at temperatures higher than 20° C. are infected. Munerati

[1922] obtained 90-100 per cent of bunt with T. camea and T. foetens in

wheat germinated at 7-8° C. while the same varietieB gave 1-4-12 per cent infec-

tion when germinated at 18-20°C. The same author [Munerati, 1928] found

that seeds germinated at 10-12 °C. gave 18 '2-89 *8 per cent infection while the

same two varieties produced 0-1*4 per cent bunt at 22-25° C. Similar results

were obtained by Yolkart [1906], Heuser [1922] and Hungerford [1922].
Paris [1924] states that infection does not take place at 20° G., 25° G. and
80°G. with T. caries and very rarely at 20°C. and 25°C. with T. foetens. He
obtained successful infection with T. caries at temperatures betw’een 5 and
15°G. (mostly at 5-10°O.) and with T. /oete ns between. 5 and 25° G. (mostly

at 10-15°C.) and very rarely at 25°C. Tisdale, Leighty and Boerner [1927]
in their studies of the distribution of T. caries and T. foetens haYe also shown
that temperatures ranging from 5 to 15°C. are very favourable for infection.

The conclusion drawn by these authors is that T. caWas is more generally

distributed throughout the cooler regions and that T. foetens ean tolerate

slightly higher temperatures. Thus it is clear that for infection with T. caries

and T. foetens the temperature should not be above 15°C. and that tempera-
ture plays an important part in the distribution of these bunts. T. caries and
T. foetens require a much cooler climate to thrive in than T. indica

.

That seems
to be the reason why T. caries and T. foetens are not found on the plains of*

North-West India where this low temperature generally does not occur at the
time of sowing or harvesting wheat and this accounts for their absence from
localities where the average temperature is above 20 °C. at the .time of sowing
and above 80°C. at the time of harvesting. The occurrence of T. indica on the

plains indicates that this species can stand w^arm weather. At Karnal the?

average maximum temperature at the time of sowing of wheat was 34*5° C,

during 1932-88 and 29*5° C. during 1938-84. Though the minimum goes dow'n

•to 14°G., the number of hours per day having more than 20° C. temperature is
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Further, it may be mentioned that the weather following the harvest in the

hills where T. caries and T. foetens occur is cool whereas on the plains of
North-West India where T. mclica alone occurs, the wheat season is followed
hj a hot summer.

IL Losses BUE to stinking smut (bunt)

There is very little iiiforniation available regarding the darnage done to

wheat by bunt in India. It appears however that T. caries and 2\ foe tejis do
a good deal of damage to wheat in Kashmir, Bahichistan and in the Simla
Hills. In 1933 it was reported from Jubbal (Simla Hills) that the damage
due to T, foetens was from 80-40 per cent. In 1923 biint was reported to'

be very bad at Peshawar and for the first time did considerable damage to

both the bearded and beardless varieties. As no specimens were sent to Pusa, it

was not possible to determine the species of Tilletia responsible for the loss.

During 1932, it was again reported to have done considerable damage to the

wheat crop, especially the beardless varieties, at Peshawar, and the loss was
estimated to be up to 33 per cent in several eases. Specimens of bunted grain

showed the presence of T. indica and most probably the species responsible for

the loss during 1923 at Peshawar was the same, as the other two species have

so far not been recorded from that locality.

T, indica, was first observed at Karnal on certain liybrids (cross

between Federation and Pusa 4 and Pusa 52), viz., Pusa 4 x Fed. (1—1),

Pusa 4 X Fed. (7—1), Pusa 4 x Fed. (97—1), Pusa 4 x Fed. (64—1).

Pusa 4 X Fed. (3—1) = P. 165, Pusa 52 x Fed. (20—1) = P. 120, Pusa 52 x

Fed. (38—1), Pusa 52 x Fed. (64—1). During 1931 it was further observer!

on Pusa 4, 52, 114, 115, 116, 117, Federation and Punjab 8A. During 1933,

it appeared in a virulent form at Karnal on several of the wheat varieties

Pusa 4, 12, 52, 114, 165 were slightly attacked, Pusa 80—5, 111, 120 had
infection up to 2 per cent and Pusa 112 and 118 showed nearly 10 per cent

Seed of Pusa 72—1—1 was threshed at the time of examination and showed

more than 20 per cent diseased grain.

The estimate of the percentage of infection is based on the number of ears

having bunted grain. Tlie loss in yield thus is much less, as only a very few

spikelets in an ear are attacked.

The presence of T. mdica on Punjab 8A indicated the probability of its being

|)resent in other parts of the Punjab. Consequently an opportunity was taken

to examine wheat in the Lahore grain market where it is stored in large quan-

tities from different parts of the province and bunted grain was found to be^

fairly common. The disease is therefore fairly widespread throughout the

])]ains of that province.

III. Symptoms PRODUGED BY T, indica

The previous description of this fungus [Mitra, 1931] was based on a

small collection of bunted grain picked out after thresliing. The disease being

rather severe during 1933 at Karnal, an opportunity was taken to make more

detailed observations.
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In a stool all the ears are not infected and in an ear all the grains are not

bunted. Thus the same plant produces sound and bunted ears and the same

ear, sound and bunted grain. A completely infected ear has never been'

observed, the sori being only produced in a few individual spikelets; generally

y—5 spikelets show bunted grain in an ear while the rest produce healthy

grain. It is difficult frequently to detect diseased grain in an ear without

breaking the spikelets, as the grain is hidden by the enclosing unaffected

glumes. This is especially the case in unripe ears. When the grain ripens

the diseased spikelets are more open, the outer glumes spread out giving more

space to the inner glume and the palae to expand with the result that the

bunted grain becomes visible between the glumes. In early stages, a careful

examination of the embryo portion of the seed helps to detect the disease

where a black spot on the grain is noticeable at the tip of the spikelet. Often

the grain is very slightly infected at the tip and the presence of the fungus can

be noticed only with the help of a lens. In badly infected spikelets the glumes

spread apart and later on fall off, thus exposing the bunted grain which also'

falls to the ground with a slight disturbance and infects the soil. Plate I

illustrates the presence of bunted grain in ears.

No smell was detected in the small samples previously collected and

recorded [Mitra, 19B1]. Beca,use of the abundance of material collected during

1933 it was possible to find out that this bunt like the other two has also a

distinct stinking smell resembling that of rotten fish and the smell is more*

pronounced when the bunted grain is crushed.

The bunt affects the kernels only partiall^^ which are not swollen. The
embryo tissue except in very severe cases is not destroyed though in a large

number of cases only the embryo portion is infected. Generally the infection

spreads to the tissue along the groove but the endosperm material lying along

the smooth side of the grain is uninfected. Bunted grain has been found to,

germinate freely, the percentage of germination being as high as eighty-nine

in several cases. Further, they germinate more quickly than the healthy grain.

T. indiea is more highly differential than T. caries and T, foetens which leave

only the glumes and the epidermal tissues of the kernels uninfected. The
various types of infection of the grain from mild to severe are illustrated

in Plate II.

Sori are formed under the pericarp and testa above the aleurone layer cf

the endosperm and are brown to dark browui in colour (Plates III, IV and V
figs., 1 and 2). The attack starts at the embryo end and runs along the groove
leaving the endosperm intact covered by the whole or partly ruptured pericarp.

Gradually the endosperm region is replaced by the fungus. At first the spores

in sori are enclosed by the pericarp and cannot be seen from outside and only
microscopic examination (transverse and longitudinal sections) reveals its

presence (Plates IV and V, fig. 2). Later on the pericarp ruptures and tb^^

spore mass is exposed. (Plates III and V, fig, 1).. A collection of bunted
grain shows all stages of infection from very slight to severe.
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IV. Mobphology of T. indica

Si

The spores bearing hyphae in a sorus give off pear-shaped bnd
clusters (Plate III and Plate V, fig. 1); These outgrowths increase in diameter
and become rounded so that they are ultimately attaobed to the hyphae by a'

thin stalk. The membrane is gelatinous in young spores and disappears on
in.aturity. The stalk or the thread of detachment sometimes remains attached
to the spore. In transverse and longitudinal sections of diseased grains the
fungal filaments and numerous spores are interspersed between the outer skin

’

and the aleurone layer on the under-surface. The embryo remains quite intact

though partially surrounded by numerous spores.

Spores when mature are dark brown, black in mass, spherical, sub

-

spherical or oval, 22—44x25

—

55 in diameter, average .
32‘5—40 The proli-

ferations of the thick epispore are reticulate, the ridges or scales are somewhat
roundish, or bluntly projecting showing at the circumference of the spore a
band 2 — 6 pin width enveloped by a clear membrane probably gelatinous.

Mixed with spores are numerous yellowish or sub-hyaline sterile cells, rounded,
angular or pear-shaped, smaller in size than the spore, relatively thin-walled,

and occasionally small brown cells occur which are smooth-walled and much
smaller than spores. These in part represent undeveloped spores. The spores

often have a papilla or thread of detachment. The spore mass dries up into

pustules which are capable of being blown about by wind. Plate V, fig. 3,

Plate VI, fig. 1 and Plate VII, figs, a, b and c illustrate the shape and details of

spores.

The spores of T, Mica differ considerably from T. foetens which has

smooth-walled spores, much smaller in diameter and lighter in colour. Spores

of T. caries resemble those of T. indica in the structure of their walls but they

are much smaller in size and lighter in colour than those of the latter.

Spores of T. caries are dusty olive brown or rust coloured in mass while

those of T. indica are black. In T. caries sterile cells are few while in T. indica

they are numerous. In P. caries, the whole tissue is infected and except the

outer coat everything is destroyed and partly infected grain is rare [McAlpine,

1910 and Heald, 1916] while in T. indica partly infected grain is very common
and the whole tissue is seldom destroyed' and completely infected grain is very

imcommon.

V. Variation in spore size op T, caries and T. indica

Brentzel [1933] recently presented evidence to show that there existed a

wide variation in the size and shape of spores and in the degree of spore-wall

reticulations of T, caries. In the photograph which he published there were

also present some unusually dark spores which appeared to resemble in

appearance the spores of T. iVdica. It was thought advisable therefore to>

compare the spores of T. wdfca with those illustrated by Brentzel. Br.

Brentzel very kindly supplied the material from two collections, one from

Geres wheat (originally from Emmer) and the other from Kota wheat (originally
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from Mindum, durum). For the sake of convenience the strain on Ceres is'

hereafter referred to as the Emmer strain and the other on Kota as the Durum
strain.

For biometrical analysis of the spore sizes and their comparisons two
hundred spores from each collection were measured. In addition to the two
strains of T. caries supplied by Brentzel, a collection of T. caries from Gilgit

(Kashmir) and two collections of T. indica, one from Karnal and the other from
Peshawar, were included in the measurements. The frequency distributions

for length and width (Figs. 1 and 2) and the biometrical constants are

recorded in Tables I and II.

Spore length T,cartes^Emmer )
Do (Durum)
Do ( Kashmir)

TJndica (Karnal, Punjab)
Do (Peshawar NMEPr)

Length in micron

Comparison of spore length of three forms of T, caries and two forms of
T, indica.
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Spore width Tcaries (Bmmer)

„ „ ' — Da (Durum)

„ „ Do Kashmir)

Fig, 2.~Comparison of spore width of three forms of T, caries and two forms of

T* indica.
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From the data recorded in Tables I and II, it will be noted that the rango
of spore length and width of the Emmer strain is 12-25 xl2-23 with
a mean of 18*3 xl7’l p., that of Durum strain is 15-28 xl5-~22 |x

with a mean of 19*1 x 17*3 and that of the Gilgit strain is 18-30
X 18 — 24 ^ with a- mean of 22*5 {x x 20*7 jx. The range in the case of the
Karnai collection of T, indica is 25 — 55^ x22~-42 ^with a mean of 37*9:

X 32*5 [i. and that of the Peshawar collection 27—46 y> x 27—44 p.

with a mean
,
of 36*2 jxX347p,

The above figures indicate therefore that apart from the differences

already stated in the section on morphology, the spore sizes of the two species,

are absolutely difierent, that is, spores of T. indica are almost double the size

of those of T. caries,

Eurthermore, the data recorded in Tables I and II indicate that even
within the species themselves, there is evidence of the occurrence of different

physiologic forms. The mean length and width of spores from three collec-

tions of T, caries and. two of T, indica showed considerable differences and in

order to know whether the respective mean differences were statistically signifi-

cant or not, Pearson’s method of comparing the frequencies was applied. The
results are recorded in Table III.

Table III

Probability for or against the different collections of T. caries and T. indica

being the same physiologic forms

Fungus Collections compared
Length

or

width
3^2 Oddte HenMiiS

T. caries Emmer and Gilgit . Length 227*88
.

Odds against
very high

Not same

.

99 99 • Width 199-92 ** 99

Emmer and Durum. Length 27*32 99 99

99 99 •
]
Width 32*60 99

Durum and Gilgit . Length 188*04 99 99

99 99 • Width , 229* 12 >99

T. inSiea . Karnai and Peshawar Length 95*27 .9r 99

99 99 • Width * 85 64 99

'

^

>

9*



§0 lifDXAK JOUENAL Oi^ AGEICULTUEAL JciENCE [V^ L

Odds in each and every case are very iiighly against their being the same
physiologic forms. The Emmer, Durum and G-iigit strains of T, caries could

oniy be considered therefore as physiologic forms. According tc Btakman

[1929] there are four general methoas lor recognismg physiologic lorms, cultural

characters, physico-chemical reactions, pathogenicity on certam selected plants

and sometimes morphology; but the spore size which is a characteristic and*

dehnite morphologic feature shows wide variations even within the same species

in the above-mentioned cases. Bo far as the Peshawar and Earnal strains of

T. indica are concerned, although physiological, physico-chemical and parasitic

specialization studies have not so far been carried out, yet there are hardly any

morphological diherences except significant variation in their spore sizes to

distinguish them as two diherent species. The writer however would like to

adopt the more conservative view of this q^uestion and consider them as merely

physiologic forms even though the spore size is so considerably diferent.j

Eurtherniore, the writer would like to emphasize that whereas spore length and

width are definite characters of specific value, the diiferences should not be

interpreted too narrowly. The writer has shown [Mitra, 1931,2] that saltants

arise from monoconidial cultures of Helminthosporium sp., and that they show
considerable variation in spore colour, septation, size, etc. Biometric analysis

of spore measurements should therefore be taken as an additional criterion by
which physiologic forms may be determined.

VI. Spoee GEEMiNATiON OF T. indica

The most favourable conditions for profuse spore germination of T. indica

have so far not been discovered. Freshly collected spores generally do not
germinate and it appears they require a period of rest. Very few spores

germinated under various conditions tried, such as, in liquid media like distilled,

tap and rain water; one per cent solutions of cane sugar, asparagin, malt extract

or soil extract. Even on solid media, such as, plain agar, Brown's synthetic

agar, synthetic starch agar and potato juice agar, the germination was extremely
poor,.

Bimt was kept in ice from 10- 45 days and tested weekly but did not show
better germination; on the other hand material kept at 35 °0. in an incubator
for ten days germinated slightly better and more quickly than the frozen,

material.

Whenever the spores germinated, the germination took place at a tempera-
ture ranging from 15—25°G. Those kept at TO^'O. or below or at room
temperature of 32 °C. during summer did not germinate.

When the spore germinates, the epispore ruptures before the promycelium
comes ^ out into which the protoplasm of the spore passes. The promycelium
varies in length from 10 or less to something like 1*5 mm. (1,500 )

or rnore.
Generally it is unbranched but soihetimes branched promycelium has also been
noticed. The promycelium has a tendency to go on elongating and as ith

elongates the basal portion degenerates. The contents of the promycelium are
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coarsely granular and the protoplasm moves continuously, forward, so that the

protoplasm is confined to the upper portion, the portion next to spore becomes

vacuolated, and later entirely vacant when septa are laid down. At the tip of

the promyeelium a crown of slender sporidia is formed in a whorl. The forma-

tion of sporidia is often delayed on account of the continuous growth of the

promyeelium. The number of sporidia varies from 32 to 128 and even more..

(Plate VI. figs. 2 and 3 and Plate VII figs. d—h). Pusion of two sporidia has

never been noticed. Spores germinating in hanging drop cultures or on solid

media were kept for more than a month but no fusion of sporidia was noticed

and no further growth took place.

VH. Infection experiments carried out at Pusa and Karnal

It has already been mentioned that T. indioa does not occur nor has so

far been recorded from places outside North-West India. The writer has been

making careful observations for this bunt for the last four years m BAar ufi

has not come across a single bunted grain in any grain market of that pro-

vince. Hundreds of maunds of wheat were carefully examined ^every year

in the Botanical Section and the Farm at Pusa but no trace could be obtained

of this bunt. Even seed from Karnal sown at Pusa never showed any sign of

infection. It was also observed that partly bunted gram of T. mdica does

germinate and produce seedlings. In order to verify the observations "^^de and

to see whether it is possible to produce bunt in Pusa under ordinary lunatic

Lnditions by sowing naturally infected seeds at the normal sowing time_ or by

Sg late when the temperature has cooled down, the following experiments

were carried out in soil, in pots and in plots.

Experiment I.—Bunted grains of five wheat varieties collected dunng May

and June 1930 were sown in Pusa in sterilized soil in pots in November There

ZiZpZ tor oootr variety a.d eaci pot had aiv

300 seedlings. At maturity during April 1931, all the plants

foSted normal ear and produced healthy grdns. Seeds of the same varieties

kept under similar conditions when sown in Karnal produced h .
.

E-rverlment II.—

k

parallel experiment was carried out at Pusa in which,

3 Ac. riVv+ciinfid from Karnal were given an extra dose of artificial infec-

diseased seeds obtained
riowder Tbe spore powder was obtained

tion by mixing ^ain kept under dr^

clStionrNLe of'the ears of tbe 300 wheat plants produced a single bunted

grain.
,

. TTT T fn flee if sowing in the cold weather or when

r foXTt SXlXXfi .eet^hev the

XS rt P«« »na the deWle ere given ,n Table W.
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Table IV

Infection experiment in sterilized soil in pots with hunted grain during
1933-34

Bate of sowing
No. of

pots
No. of

plants
Infection

2nd November 1933 . , . 20 100 mi

20th if t9 * • • • * • 20 100
,

if

29th >* . . 20 100 if,

6th December „ . . . . . .

1

20 100 if

The crop was harvested in April 19-34 and each and every ear was threshed
by hand and every grain was carefully examined but not a single bunted grain
was noticed. The seeds of this same wheat type kept under similar conditions

when sown in Karnal had three per cent bunted ears.

Experiment IV,—The diseased seeds of four wheat varieties collected at

Karnal during May and June 1938 were sown in a plot at Pusa on 5th December
1933, that is, five or six weeks after the normal time of sowing. The idea of

sowing late was to secure as far as possible climatic conditions prevailing at

Karnah at the sowing time. Each variety was sown in several plots. Pusa'

113 seed from the Botanical Section, Pusa, was also sown in a contiguous plot.

The number of ears in all tho' plots were counted and final observations were
made at the time of maturity. The details are given in Table V.
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Table V

Infection experiment with hunt&d wheat grain during 1988-34 at Pusa under
field conditions

Wheat variety
I

Replica-

tions

No. of

ears

No. of

bunted ears
. . Remarks

.

Posa 113 . 1 894 Nil Seed from Botanical
2 710 » Section, Pusa & free

3 640 ff from bunt
4 638 ft

Pusa 113 . . 1 620 tt Seed from Karnal &
2 696 9t heavily infected with
3 651 99 bunt
4 1,189 99

Pusa 113 . 1 423 99 Selected heavily in-

2 618 99 fected seed from
Karnal

Pusa 4 331 » Ditto.

493 99

452 99

659 99

677 99

Pusa 72-1-1 498 99 Seed from Karnal and
2 667 99 heavily infected
3 623 99 with foxmt

4 649 99

Pusa 165 . 1 462 99 Selected heavily in-

2 686 99 fected seed from
3 490 99 Khrnal
4 436

1

99

6 436
i

99

At the time of harvesting at the end of April 1934 each and every head
was examined and threshing was done by hand but not a single infected grain

was noticed.

Experiment V.—During 1932-33 bunt was up to twenty per cent on

Pusa 72-1-1 at EarnaL Part of this seed was brought to Pusa and sown as

shown in Table V. The total number of ears obtained in Pusa from four plots:

in which this variety was sown was 2,287 and none produced bunted grain.

The seed from the same lot was also sown in Karnal in twelve plots and the

total number of ears counted was 8,535, out of which 455 ears produced bunted

grain giving 6*33 per cent of infected ears. The details are given below

in
.

Table VI. '

.
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Tabee VI

MfeeUd seed of Pusa 72-1-1 sown at Karnal

Replications No. of ears No. of mrs bunted Percentage

'

I
,

..
.

584 28 4*79

2 „
670 32 4*77

3^"., . *
’

. ; .. 696 ,
34 : 4*89 :

4. . • . 766 36 4*70

5 . . . , .

'

870 " 42 ’ 4-82

6 ,
670 33 4*92

,

7 . 618 36 4*82

8 , . 760 44 6*86

9 , • . • 895 63 5*92

10 . 611 35 6*72

11 . 720 42 6*83

n . . ; 7 686 40 6*83

Total 8^635 466 6*33

Emperiment VL—Au experimefibt similar to Experiment. V was carried out

at Karnal using Pusa 113 from the same lot from which it was used in Experi-

ment IV and shown in Table V, The total number of ears produced at Pusa
was 2,956 from four plots and none produced bunted grain whereas at Kama!
this type was sown in five plots and the total number of ears counted was 4,767,

out of which 50 ears produced bunted grain giving* 1-1 per cent of infected ears.

Seeds of Pusa 165 which were brought to Pusa from Karnal and sown
in five plots had no bunted grain whereas same seed at Karnal produced a fafc

amount of bunt.

Thus the seeds of Pusa 72- -1-4, 113 and 165 which were stocked ai

Karnal and brought to Pusa at the time of sowing produced bunt at Karnal
and not at Pusa. This shows clearly that climatic conditions at Pusa are

responsible for the failure of infection.

Eosfeninent TIL—^In addition to the above experiments a very large number
of diseased seeds were kept in an incubator at 22 °C. and when germinated

were sown partly in the end of November and partly early in December in pots.
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Seedlings when four to six inches in height were taken out and mieroscopicallj
examined. In several of them mycelium similar to that of a bunt was noticed
especially at the nodes. No mycelium was found in grown up plants. The
plants left after examination and allowed to form ear produced "no bunt.

Experiment VIII .
—^In order to see whether the bunt is in a dormant state

on wheat in Pusa, that is, whether it will produce infection* if favourable eondi-

tioiis are given, seeds of Pusa 111, 112 and 113 from the Botanical Section, Pusa,
were taken to Karnal and sown side by side with Karnal seed. Each variety
was sown in twelve plots and each plot had on an average 650 ears. Minute
examination of individual grain revealed total absence of bunt. The crop was
hand-threshed and grains of all the thirty-six plots were very carefully

examined but no bunt was noticed.

Pusa 113 (Karnal seed) was also sown side by side in twenty-four plots

and showed approximately 2*5 per cent of bunted ears. This shows that Pus^
seed is free from the disease.

The fact that the disease has never been observed at Pusa or in other parts,

of Bihar, and the non-occurrence of the disease when Pusa seed is sown ah
Karnal or when Karnal seed is sown at Pusa support the view that the climatic

conditions prevailing in Bihar are unsuitable for the spread of this disease.

Further, seeds kept under identical conditions were able to produce bunted
grain at Karnal and not at Pusa. Late sowing when the temperature lowers also

does not help the bunt to appear at Pusa. By late sowing the crop is harvested

late and it appears that high temperature at the time of maturity is unfavour-

able for the bunt to grow in the tissue of the host plant.

VIII, Experiments on control measures

In order to determine the effect of some fungicides on the incidence of T
indica an experiment was carried out at the Botanisal Sub-Station, Karnal, in

1933-34. The fungicides tested were copper carbonate, ceresan, formalin and

uspulun (universal). Untreated wheat seed was also sown as control, thus making

up five treatments in the experiment. Three varieties of wheat used v.rerc-

Karnal-grown seed of Pusa 111, 112 and 113. There were two methods of

infection, vw .

—

Series A. Naturally infected seed

Series E. Naturally infected seed plus an extra dose of artificial infection

by shaking every 100 grms. of seed with one grm. of bunt

powder

The treatments were as follows in both the series:—
(i) Control^—^untreated seed—naturally infected in series A and a further

dose of artificial infection in series B as* stated above

(ii) Seed treated with finely powdered copper carbonate at the rate of

two ounces per bushel (60 lbs.)

(iii) Seed treated with ceresan at the rate of two ounces per bushel
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(iv) Seed treated with formalin solution 0*25 per cent for ten minutes

and exposed to formalin vapour for four hours.

(v) Seed treated with uspulun (universal) 0*25 per cent solution for thirty

minutes

The experiment was carried out on a piece of land w^hich was laid out on

a randomized block system with eight replications. I^lach block contained

thirty plots, each 10 ft. x 5 ft. in size, fifteen under infection series A and

fifteen under infection series B. Each plot had five rows of plants. There

were five treatments and three varieties in each series.

At the time of harvest all the ears in each plot were counted and the

number of ears showing bunted grain was noted down. The totai number of

healthy and bunted ears in each of the eight blocks under both series of treat-

ments for the three wheat varieties separately is shown in Table YII. The
amount of bunt in each plot is given as a percentage of the total number of

ears, which is shown in Table YIII.
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ObsenT'ed

value of

Mahala-
nobis’

X

Sum of

squares

Mean
square

Degrees
of

freedom
Variance due to

Block

Treatments

(Control and fungicides) In-

fections (A and B) . .

Varieties (Fusa 111, 112 and
113) .

Interactions

Residual . . .

Total

3.305

336.974

13.002

20.756

149.881

110.239

0.472

84.244

13.002

10.378

6.813

0.643

156.144

23.946

19.111

12.647

1

2

22

203

239 634.166

Table IX

Analysis of variance

Critical

value of

Mahala-
nobis’

It will be seen from the above table that the calculated value of x exceeds

the theoretical value given in Mahalatiobis’ table [1982] for one per cent level'

of significance in all items except
,

blocks showing thereby that the differences

between the several treatments, infectioi^is and varieties are statistically signi-

ficant. The differences between the mean values of the different treatments

—

control, copper carbonate, ceresan, formalin and uspulun (universal) are given

in table X.
,

,
.

. .

STINKING SHOT (bUNT) OP WHEAT 69

It will be noted from the tables that infection in series B is heavier than

that in series A, that is, the extra dose of infecmon given in series B nas defi-

nitely increased the percentage of bunt. It will also be observed that uspulun

(universal) though unable to control the disease altogether gave the least per-

centage of bunted ears.

Statistical analysis of the data is worked out according to Fisher’s analysis

of variance [1982] as shown in Table IX.

'"A

3.320

6.635

4.606

1.791
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Table X

The differences between the meayi values for treatment

Treatments

1

Control

2

Copper
carbonate

3

Ceresan

4

For malin

5

Uspulun

Control .

,

—3.023 --2.929 —2.679 —3.125
'

Copper carbonate . - 4-3.023 •• + 0.094 +0.344 —0.102

Ceresan . • • • ' 4-2.929 —0.094 •• 0.260 —0.196

Formalin • • • « + 2.679 —0.344 -~0.250 •• —0.446

Uspulun • • • • + 3.125 +0.102 + 0.196 +0.446

Mean # ' • • 3.478 0.465 0.649 0.799 0.363

The critical difierences for treatments have been calculated and found tq

Critical diSerence =0*304 (P= *5)

Critical difference =0.401 (P= •01)

A comparison of the various figures with the critical differences leads to

the following conclusions:

—

Treatment 5 (uspulun universal) is superior to treatment 4 (formalin) at the

one per cent level. Treatment 2 (copper carbonate) is superior to treatment 4

(formalin) at the five per cent level. Treatment 2 (copper carbonate), treatment

3 (ceresan), treatment 4 (formalin) and treatment 5 (uspulun) are superior to

treatment 1 (control—undisinfected seed) at the one per cent level. There is

no significant difference between other combinations.

The differences between the mean of different varieties Pusa 111, 112

and 113 are given in Table XI.
'
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Table XI

The differences between the mean values for varieties

Critical difference= .229 (P= .05)

Critical difference=0.303 (P= -Oi)

From the above table it is evident that Pusa 112 is inferior to Pusa 111=
Pusa 113 at the one per cent level in respect of susceptibility to bunt

Comparing the two series of infections we find that

Mean of A=:0*893

Mean of B=l*360

/.Mean difference =0*467

Critical difference= 0.247 (P= -01)

Thus infection is significantly higher in the B series than in the A series

as was expected on account of extra dose of infection given in the former.

In another experiment heavily infected seed of Pusa 72-1-1 was treated

and sown in Karnal under the following treatment :

—

1. Control—^heavily infected seed

2. Seed treated with copper carbonate at the rate of two ounces per

bushel

3. Seed treated with ceresan at the rate of two ounces per bushel

At the time of harvesting all the ears were counted and those having

bunted grain were also noted. The following data give the percentage of.

bunted ears.
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Table XII

The effect of various fungicides on T. iiidica.

Treatment hTo. of ears

Ho. of ears

with
bunted grain

Percentage
of

banted ears

Control . , 8535 455 5.33

Copper carbonate • • 4105 68 1.65

Ceresan • • 4152 1081 2.60

This experiment also shows that copper carbonate and ceresan are able to

reduce the percentage of bunted ears frcm 5.BB to 1- 65 and 2 *60 respectively but

none of these treatments can eornpletely control the disease. Untreated seed of

this variety which produced 5.33 per cent of bunted ear under Karnal conditions

was sown at Pusa as explained in Experiment V but produced a healthy crop

Svith no bunted ear.

Microscopic examination of lightly diseased grain sliows that the fungus
occurs under the seed-coat and that it is well protected by the pericarp, espe-

rially in the lightly attacked grain. The fungicides therefore are unable to

kill the internal mycelium or the spores, though they are able to reduce tlie

|)orcentage of disease. Hot water treatment may be a possil)1e metliod to clieck

tlie disease to a greater extent which will, in addition destroy loose smut
(Ustilago iritici (Pers.) Jens.). Luthra [1984] has found that dipping the seed
in water for four hours and then exposing it to solar heat for four or five hours
during summer can check the loose smut. It remains to be seen whether
this treatment will check bunt as well. Experiments are being conducted to see

the efficacy of the hot water treatment for bunt control and should the method
be successful, it will be very useful in controlling both bunt and loose smut
by one and the same treatment.

During 1932-33 bunt was very slight or almost absent on Pusa 114 at

Kamal and during 1933-34 seed of Pusa 114 treated with ceresan was sown in

a plot in which 'during 1932-33 there was Pusa 111 showing bunt upto an extent

of two per cent. An examination of seed of Pusa 114 showed a fair amount
of bunt. It appears that the soil was infected from bunt spores fallen from
Pusa 111 during 1932-33 and this perhaps may have infected Pusa 114. That
infection takes place from soil in other species of Tilletia is well known. It

is quite possible that Pusa 114 got infection from the soil infected previously.

Thus rotation of crops is also advisable and wheat should not, if possible, be
sown on land occupied in the previous year by the same crop.



StoMG SMtJT (bUKt) OJIj’ WflEAl? 7^

IX. Conclusion and summaky

Bunt on wheat in India is caused by three species of Tilletia, that is, T,

caries
j T. foetens and T, inclica and is confined to the north western parts of

India and does a fair amount of damage. T, caries and T. foetens are restricted

to the cooler regions while T. indica is confined to the plains. All the three

species possess a stinking smell. T, indica can very easily be distinguished

from other species by its partial attack on the grain and also by its black

coloured spore mass, while in the other two species the whole grain except the

seed-coat is destroyed and the spores are dusty olive brown or rust coloured in

mass. Spores of T. indica are much larger than those oiT. caries

to which it is closely allied and it appears that there are at least two physiologic

forms of T. indica. The biometric analysis of data of spore measurement, shows
that this method can be employed to determine physiologic forms though it is

not enough to identify the different species. There is little possibility of any
wind dissemination of spores directly from the bunted head as occurs in the case

of Ustilago tritici (Pers.) Jens, The bunted grain is wholly or partly concealed

by the glumes and before the harvest there is little or no opportunity for the

dissemination of the bunt spores. When the crop is mature, the bunted grain

is sometimes easily displaced and falls on the ground with a slight disturbance

and thus infects the soil. The danger of dissemination of bunt spores lies in

the threshing operation when they adiicre to the surface of the sound grain and

lodge in the brushes. Large number of grains thus get infected. When the

bunted grains come in contact with the healthy ones in storage, they infect the

latter very easily. It has also been shown by a series of infecticn experiments

done at Karnal and Pusa that infection does not take place in Pusa whereas

at Karnal the disease appears almost eveiy year. It is due to different climatic

conditions.

Control measures tried show that the percentage of infection can be reduced

by treatment with fungicides like uspulun (universal), copper carbonate, ceresan

and formalin but none of them is able to check the disease altogether, the

reason being that spores are well protected in mildly attacked grain by the

pericarp and the fungicide cannot reach the spores. It is supposed that hot

water treatment may be a possible method to check the disease to a greater

extent, and as loose smut is also very common on wheat, one treatment might

do for both the diseases. Further, there is an indication that as in other bunts

infection can take place from infected soil and so rotation of crops is advisable.

It would* be better if from time to time Karnal seed is renewed with seed

from Pusa which is free from both bunt and smut.
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lafwted wheat ears. Two spikelets with bunted grain and a heavily infected grain are also shew©,
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Fig. 2.

Fig. 3.

Spore formation in lightly infected grain under the seed-coat and above the aleuronc layei of

endosperm (x 500).
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The sorghum plant has been under study at the Millets Breeding Station

for some years. A number of characters of a qualitative kind have been pursued
and in May 1931 a study of the relationship between some of the prominent
plant characters and the all-important question of yield was commenced. A
rough summary of the results of first attempts was given [Rangaswami Ayyangar,

1932] in the 'Symposium on Sorghum' on the occasion of the Annual Confer-

ence of the Madras Agricultural Students’ Union in December 1931.

Materials AND methods

These studies have been made in three seasons, two of them summer (irri-

gated) and one main (rain-fed). Eive Coimbatore varieties were the subjects of

study. They are listed below:—

Season

Chinna
Manjal
Uppam
Oholam
Feria
Manfal

YellowSummer (irrigated)

White

Yellow
(Brown
wash).

Sen
Oholjm

Name Colour Number
Strain of of Year of

No. variety grain plants

measured
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All the varieties belong to the group Sorghum durra Stapf. The sorghum
plant being single-eared the yield is not complicated by tillers as in other

cereals. The individual plants were taken from a bulk plot, care being taken

to steer clear of diseased individuals and plants at borders. At ‘shot blade’

stage, plants were labelled and numbered in the field.

The following characters were chosen :—1. Grain yield. 2. Thickness of

earhead, 3. Length of earhead, 4. Diameter of peduncle, 5. Weight of diy

straw, 6. Weight of 100 grains, 7. Weight of earhead—fresh, 8. Weight of

earhead—dry, 9. Length of peduncle, 10. Duration.

The relation of yield to the other characters is, in this &tudy, treated by
the method of correlation. The suffix of r is as numbered in the list of charac-

ters enumerated above. In Table I are presented the total correlations of grain

yield with eight characters (and one more character, duration, in one
season).



Total

correlation

Goefficients
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4 c, there are seven coefficients for each pair of factors, it is expedient to test

whiLX same decree of correlation is shown (1) by the same variety in two sea-

S ffi thTsame^seas^^ by two varieties, (3) by the irrigated and the ram-fed

SietS by themselves, and (4) by all the seven tak^^ together. Ihe test is

applied after the hyperbolic transformation s-tanh r-^loge ( -f r

)

—loge {1-r)} . In columns 2 to 5 of Table II, the significance of the difference of the

is measured by considering whetherf^,- is greater or less than 2 y^=S{z-zr

(n-Z) Where 2 is the weighted mean of the (the weights being

ai to n-3)
and the size of the sample. 4 and Xg in columns 6 and 7 rekte

» The Methods of Statistics ” [1931]
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The correlations show a great deal of variation from varielj to variety and

season to season; this is apparent from columns (2) to (5) of Table II. From
column (6) it is evident that in the irrigated varieties, the same degree of correla-

tion exists between grain yield and the weight of 100 grains. In the case of

rain-fed varieties, the correlation coefficients for the several varieties for the

thickness of earhead are not different; the same can be said in the case of the

length of earhead and diameter of peduncle. But when the coefficients for

the several varieties are considered together, they show wdde range of

variability.

That the correlations show a great deal of variation is not surprising. The
relation of one character with another, in the complex plant life, is intrieateiy

dependent upon a group of other factors tangible and intangible, and changes
in these factors caused by varietal and seasonal fluctuations, will be reflected

in the original correlations measured. In the present study, wlierever the

regressions are not far from linearity, partial correlations are employed to

estimate the correiations eliminating some characters- Multiple correlations

have also been computed to And wdiether a knowledge of additional factors helps

in the prediction of yield.

Instead of the probable error, the level of significance for P= *01 is cal-

culated for every correlation coefficient [Fisher, 1980]*; this is helpful in judg-

ing the significance of the values at sight..

Relation between earhead length and thiclmessj and yield *

—
^The earhead

consists of a group of spikes disposed in whorls round a stalk. This stalk varies

in length. In the economic varieties of grain sorghums it stops short of

reaching the very top of the earhead, and from its apex radiate spikes which
fill and give the earhead the full and globular look it has;, so that for the

purpose of convenient and practical measurement, the length from the base to

the tip o! the earhead as a whole was preferred to that of merely the rachis.

The thickness of the earhead was measured by placing it acicss a metre
scale and bringing together two rectangular pieces of w^ood so as to touch the

head on either side without pressing it and the distance between the inner faces

of the blocks read direct from the scale. This gives the maximum thickness of

the panicle. In the varieties studied this maximum thickness was observed
to be at about a third of its length from the base.

The earhead thickness and length are highly corral with yield in all the
varieties and in all the seasons. This is as it should be, considering that the
length and thickness are the two dimensions determining the volume of the
Iparhead.

* The value of the correlation coetSoient for the *01 level of significance is . taken as

where n IS the number of pairs of observations, and considering that n is

^arge. f is taken as 2*576 corresponding to == oe ^



Partial

correlations

Grain

yield

and

thickness

of

earhead





Tablk

IV

Partial

correlations

00 1

05

>o
t- 161 490 493 664

00
00
£>

•102

r«*o
CO

CO
CO
00

CM
r-1

o • • • *
.

1

rH
1

CO

1



Table

IY

—

contd.



THE BELATIOH OE "PEANT : OHAMCTERS' TO YIEEH IK\ SOEOHUM 8i'

The partial correlations obtained by eliminating the other factors tho*igh

considerably reduced, except in A, S. 1063 (summer 1931) and A, 8> 129

(main 1931), are nevertheless significant. That a partial correlation can be

none too cautiously interpreted is well illustrated here. If L be the length

of the earhead, and 2 t the thickness, the volume of an earhead, considering its

shape, can be taken approximately as kt^L. The grain yield is nearly propor-

tional to this volume. If n be the packing in unit space and ta the weight

per grain, W, the total grain yield for the earhead is approximately ht^Lnw.

In this expression, n is the only undetermined factor and it may be supposed

nearly constant. The low partial correlations are in contradiction of the

obvious fact that, when for instance t and w are held constant, the correlation

between IF and L is perfect. This anomalous result is because the underlying

assumption of linear regression is not fulfilled.

Diameter of feduncle and yield

The thickness or diameter of peduncle was measured with a Vernier callipers

at a standard distance of 5 cm. below the base of panicle. The peduncle, which

is virtually the end internode, does not show the amount of fluctuation in girth

which the* internodes lower to it, presnnt.
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The diameter of peduncle is a very reliable index to yield [Eangaswami

Ayyangar, 1932]. It is needless to add how easy and practical a guide this

character is in the choice of seed material for yield.

The correlations of this character vrith the thickness and the length of the

earhead are high. A thick peduncle is the mark of a large earhead. However,

no a ‘prioTi form of the dependence of yield on the diameter of the peduncle can

be deduced ;
the correlation is indirectly through the length and thickness oi the

earhead. Table V shows the effect of eliminating the other factors step by step.

The low values are not to be interpreted too literally for reasons already set forth.

Length of 'peduncle and yield

Varieties of sorghum vary in the length of their peduncles. The length of

peduncle was taken to be the distance between the top-most node and the base

of the earhead and measured in centimetres. It is seen from Table I that in

four cases the correlations are below the level of significance, and that only in

the case of A. S. 809 in the year 1932 the correlation value is a little high.

The regression is however non-linear as is evident from the following analysis

;

A. S. 809. Summer 1932.

Analysis of variance

Variance

Degrees of

freedom
Sum of

squares

Mean
square

i Loge (Mean
square)

linear regression . * • 1 340-6 666-8

Deviations from regression 4 72-0 18-0 1*446

Within arrays . • • 118 677-3 5*74 •874

Total 123 1089-9 ••

I’orl5=-571,P<*06



THE EELATION OF PLANT CHAEAOTEES TO YlBLO lN *SOEGHUM 88

Dry straw weight and yield

After removing the head each stalk was folded up to a bundle about a foot

and a half in length, and tied up with a cotton thread. These bundles were

placed in wicker baskets and kept out for drying in the sun undisturbed. This

minimised the loss due to shedding leaves. The weights of dry stalks were

recorded after the bundles were thoroughly dry.

The correlations are higher in rain-fed than in irrigated varieties.





695

*717

*788
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In the absence of more knowledge of the physiology of the sorghum plant the

connection between straw weight and grain yield cannot be established by mere

reasoning. Nevertheless it may be argued that the apparent relation between

grain yield and straw can be traced to the common factor, the diameter of

peduncle. A thick peduncle is the index of a thick stalli and generally of broad

leaves, and therefore there is a high correlation between the diameter of the

peduncle and the weight of straw 5 = ' 77 to -83). The partial correlation

coefficients, 15 *2346 in the irrigated varieties, are all not significant, and in the

rain-fed varieties, they are considerably high, showing that in the varieties

growing imder dry conditions, straw is a factor to be reckoned with, independent

of the other important factors.

Weight lof 100 grams and yield

After the heads were threshed, 100 grains picked at random were weighed

in grammes. This method was adopted to estimate the weight per grain, because

of the impracticability of coimting out all the grains in a head.
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The irrigated varieties show a higher eorrelation than the rain-fed varieties*

From the fact that in the former case the regressions are not far from, lineanty.

the high correlations suggest a constancy of the number of grams per earhfcad;

had the correlations been higher, this inference will be very conclusive,
.
The

partial correlations are high after eliminating all the other factors, snowing that

in selection, especially in the irrigated varieties, some consideration to the

weight of 100 grains is worthwhile.

Duration and yield

Individuals in a variety having been noted to vary in the time of then

flowering to within as much as a fortnight, an attempt was made to relate

this diiference to yield. Duration was calculated in days from sowing to the

commencement of anthesis in the head concerned; the sowing date is more

definite than the date of germination. This was recorded hi two irrigated

varieties for one season.

Within a variety, correlation between duration and yield of grain is negative

and high (Table I), i.e., with the increase in duration there is u corresponding

decrease in yield. This points to the desirability of compressing if possible the

range of flowering period. Moreover, in selection work, there is no need to

wait for the late plants; the earlier ones are likely to be better yielders than

those delaying.

Duration is very important in an irrigated variety and it is not so great a

limitation with a rain-fed variety. For this reason, duration was not considered

ha the rain-fed varieties.

Weight of earheady fresh and dry, and yield

The weight of the earhead includes the weight of the standard 6 cm. stalk

with which it was cut. The weight of the fresh head was recorded soon after

cutting and the heads were kept for drying and their dry weights recorded after

they were thoroughly dried for a number of days, special care bemg taken to

avoid the shedding of grain.

Table I shows that the correlations between grain yield and the weight

of earhead, fresh and dry, ‘give the highest values. The differences in values

between fresh and dry weights are negligible. It would thus be obvious that

the weight of the earhead is a sufficiently reliable index of grain weight.

Table VIII presents the multiple correlation coefficients of grain yield with

the other characters, beginning with **14 which is of primary importance because

of its high value, and the practicability of considering the diameter of peduncle

in actual selection work.
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The addition of variates increases J2, in some cases significantly and in-

some eases not. However, throughout •®T2345 and ^T2346 are signifioantly

above **14. The tests of s'gnificanoe presented in Table IX were carried oot by

considering P corresponding to ^l*234_p-— 14 loge

(/p=5, 6) for degrees of freedom %=3 and —5 where iV' is the size of the

samples [Tippett, 1931], 1*2346 tends to be higher than ^1*23455 thus indi-

cating that given ^1*234, the weight of 100 grains is more informative than the

weight of straw which is less easy to handle. It may be said, that the ndditional

factors, viz., the length and thickness of earhead, and the weight of 100 graiiiSj

help to predict grain yeild with a greater precision than is possible with a know-
ledge of the diameter of peduncle only*
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Biview OP PREVIOUS . woEK

The above correlation studies made through three seasons on the Coimbatore

varieties, both dry and irrigated, lead us to a review of previous work in this

field. So far, correlation studies in Indian sorghums have been reported cnly

in a few Bombay varieties. Patel [1928] tentatively characterised an ideal

jowar plant as having a large number of nodes and thus a corresponding increase

in the number and total leaf surface per plant. The plant must be tall with the

top five internodes short, and having a compact earhead and increased number
of seeds per spike. Each of these characters bears a high degree of correlation

to grain yield. Kottur and Chavan [1927, 1928] determined the correlations

between yield and seven other characters and found that the correlations are

positive and reliable in five, height of plant, number of leaves, length of

rachis, breadth and weight of the ripe ear, and small and unreliable in two
cases, length' of peduncle and size of the' grain. Patel and Patel' [1927-28]"

working on Surat foryars arrived at the same conclusion as above.

In the Texas Stations Eeport for 1928, the following observations occur:—
"‘Correlation coefficients determined in Blackhull Kafir indicated that length of

head, length of seed branches, diameter of plants, and weight of green forage

are the characters contributing significantly towards producticm of grain yield.’*

Harper and others [1931] report from Oklahoma that “inheritance studies with

sorghum indicated that length of seed branches and thei circumference of heads

might be associated closely with high yields, while the length of the sfalk had

little to do with the grain yield.** Unlike the above workers Martin [1928] who
has reported on plant characters and acreage yields of grain sorghums concludes

among other things that “the yields of fields of grain sorghums are more closely

correlated with the number of heads per acre than with the size of head or

weight of grain per head. The correlation between the number of heads per

acre and both the weight per bushel of grain and the average size of heads is

either negative or not significant in the three varieties studied. The height of

stalks within a given variety is highly correlated with grain yields. The yields

of grain and stover in Kafir are closely correlated. The size or plumpness of

seeds of a given variety is correlated with weight per bushel,**

In our studies, we determined the relationship of nine characters with arain

yield. Our results in general agree with those of the Bombay workers for all

the characters common to om* studies. A feature of our work is an attempt

at gauging the comparative behaviour of rain-fed and irrigated varieties, grown

under different agronomic conditions. The greater elahoration with which these

relationships were pursued have now enabled us, armed with that knowledge, to

safely dispense with certain of them and seek in the pursuit of a few significant

plant characters, valuable aids to yield.

SlTMUfABY

The correlation between grain yield per plant and eight other plant charac-

ters have been determined in two irrigated and three rain-fed Coimbatore

varieties of sorghum.
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The diameter of peduncle, weight, length and thickness of earhead. and straw
weight have given high positive correlation values. These characters can be
used as reliable indices in selecting for high yield.

The weight of 100 grains has given high correlation values in the irrigated

varieties while in the three dry varieties it was low.

The length of peduncle is either not correlated or is negatively correlated
with yield.

In the two irrigated varieties studied the duration was found to be negatively
correlated with yield.

Partial and multiple coiTelations were also calculated. The total grain

yield of a plant can be predicted very closely, when the diameter of peduncle,
length and thickness of earhead, and the weight of 100 grains are all known.
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Heterosis as a factor in the increase of tobacco yield. 633'7l :575126

B. A. OsADCHUK. {Junno-beregnoo Otdelmie V. 1. R’a Goaudarstennyi NiMtskii
Botmiceahii sad, Nikita Botanic Garden, 193i: Bull. No. 12, pp. 40)

{Translation of full summary of the paper, issued by the Imperial Bureau

of Plant Genetics. School of Agriculture, Cambridge, England).

1

^

I,

The hybrids of a n-umber of parental combinations were compared with

the parents in two successive years, 1929 and 1930 (Table B, pages 102 and 103).

’ Not by any means all combinations shewed heterosis; hybrids of varieties

genetically closely allied were invariably intermediate, those from unrelated

varieties generally shew’ed at least an increase in height.

Descriptions are given of the varieties used as parents, followed by i-ables

shewing the yields of the parent varieties and hybrids. The best combina-

tion, Nikitskii Dubeo 44 x Sumatra Petioled, gave an increase of 35*1 per cent

over the better of the two parents, the next best American 572 x Bumatra
Petioled, 26*9 per cent; each of these crosses involved (Table 7, page 104) a

Sumatra tobacco and a local strain. Two out of the seven combinations gave

negative results, z.e., reduced yields.

The same hybrids were grown on a second plot where the soil fertility was

much lower and none of them shewed any marked yield increases: the best

combination in the first plot here gave a yield intermediate between the parents

and the second best shewed a decrease of 11*7 per cent in place of a 26*9 per cent

increase. It is evident from this that it is necessary to test the hybrids under

a variety of conditions before drawing conclusions regarding heterosis and to

do this a system of tests at a series of difierent centres, analogous to the State

variety testing systems, is regarded as necessary.

Similar studies were made on the number of leaves fit for picking. This

varied very little in any one variety and the hybrids were mostly intermediate.

The two most highly yielding hybrids referred to above had a greater number

of leaves than the parents in both plots. The middle leaf of (Table 8, page 105)

50 plants of each type was measured, the length, breadth, area, form (length:

breadth) and thickness of the leaves being determined (Table 9, page 106).

The leaf area exceeded that of the parents in several of the hybrids, in one case

by 17 4 per cent. American 572 x Sumatra Petioled had actually smaller leaves

though their number was greater. Only one combination was intermediate in

leaf area.

The yields estimated by multiplying the number, size and thickness of the

leaves in most cases corresponded fairly closely to the actual yields and this is

suggested as a useful method of making yield comparisons, especially in experi-

ments where only one variety is in use.

( 101 )
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“Th. yidds OJ tot. »cond »d
shewed that though **

superiority was most pronounced

of th. hybrids .Acned the.r P»^ Si L view of this fact and

in the combinations shewing “O®.
. „

, generation hybrids on a much

srsici~«s%^— --•> w»*” -
produce enough seed to sow one ha. in two working days.

Table 3 •

B^suUs oS investigation of the F, hybrids in comparison with their parent forms

Percentage increaf^e in

1929

Percentage increase in

1930

Parent forms
Combination

1. American 672 X Sumatra

Petioled

+27
1
+ 20 -3 1

-15 + 6

2. Duhec Autskii 676 X
Havana

+ 15 1 + 15 1 + 27 + 14

3, Dnbec ISfikitskii 44 X
Sumatra Petioled

+16
,

+ 6 + 9 ' -5 + 7

4. Dube c Nikitskii 44 X

American 572

+ 34 + 6. + 3 — 5 + 22

6. Deli X Havana + 13
1

+4 + 4 + 2 + 30

6. Havana X Ameraicn 572 + 16 + 3 + 10 -3 + 17

7. Aya Suliik X Havana +12
’ + 1 + 21 + 3 + 2

8. Dubec Derekoiskii X
Havana

+ 13 + 8 + 3 -4

1

+ 11
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Parent forms
Combination

Percentage increase in Percentage increase in

1929 1930

Height Number of
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9. Sumatra Petioled X
Varatik

+ 13 0

10. Persican X Dubec Nikit-

skii 44
+ 28 ~ 1

11, Ksanti X Dubec Dere-
koiskii

+ 6 -3 *

12. Sandre x Dubec Nikit-

skii 44
+ 1 -4

13. Kizildza Mtirsal x Dubec
Nikitskii 44

-3 -12

14, Havana X Dubec Gurzu-
fskii 282

- 1 -14

15. Plavana X Dubec Nikit-

skii 44
+ 16 -9

16. Varatik X Bektemiz + 2 -20

17. K.santi X Havana . . -3
#

18. xALmerican 672 x Aya
Suiuk ,

19. DiibecGaspra X American
572

20. Duhm Ourzufskii X
Sansun 84

21. Havana X Varatik

+ 4 -4 0 -15 -8 - 18

+ 8 -9 + 6 -7 + 3 - 14

-3 -11 •• •• .

.

••

+ 7 -6 - 12 -10 + 6 - 13

- 11 -26 + 10 :
-3 0 -7

0 -20 + 7 -17 -7 -20

+ 7

[

-11 + 18 + 3 -8 - 12

- 11 -27 - 20 -37 - 13 -43

. .

.

.

.

+ 22
1 + 12 + 15 + 11

•• ' + 11 + 7 -7

1

-10

- • • + 6 5

..'I

-3

V - 0 -10 -10 -2'3

,

' 0 -10 -14 -14
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Table 7

Yield of air-dried leaves in centners per hectare

Percentage increase

Nam© of varieties and combinations
If-fw P Over tb©

mean
Over the
higher
parent

Plot 1

Deli . . . . . . 20-3±0-52 2*6
.

.

.

.

Fi Deli X Havana . . . 18-8±0-64 3-4 -1-6 -7*4
,

Havana . . . » •
,

* 12-2±0-69 6-7

Fx Dabec AntsHi 576 X Havana 14-6±0-67 4*6 +1-0 ™2*0

Dubec Autskii 676 . . . 14-8±0-49 3*3

Dubeo Nikitskii 44 . 14-5i:0‘41 2-8 ..

Fi Havana X Dubec Nikitskii 44 16-4±0*44 2*7 ±23*3 ±13*1

Fi Dubec Nikitskii 44 x American 572 19*9i0-66 3-3 ±24*5 ±16*4

Fx Havana x American 672 . 19*6i0*55 2*8 + 34-2 ±14-6

American 672 , , . . 17-IdbO-85 2*1

Fi ' Amerioan 672 x Sumatra Petioled 21 -7^:0 *49 2-3 ±33*1 ±26*9

F X Dubec Nikitskii 44 x Sumatra Petioled 21‘li0-93 4*4 ±40*7 ±36-1

Sumatra Petioled 15-5±0*55 3-6
.

.

• •

Plot 2
Deli . . . . . . 14*8±0*42 2-8 ..

Fi Deli x Havana . , . . 13‘8±0‘94 6*8 ±2*6 -0*66

Havana . 12-2di0’50 4*1 * * "
i

Fi Dubec Autskii 576 x Havana 13'6db0*69 5*1 ±4-7
1

±2*3

Dubec Autskii 676 . 13*3±0-77 5*8

Dubec Nikitskii 44 ... . 16-4±0*42 2*7

F i Havana x Dubec Nikitskii 44 . 12*4-h0‘72 5-8 ±1*0 -1*9

Fi Dubec Nikitskii 44 x American 572 . 17>3±0*99
: :5*;7 ±1*1 ±0*7

Fi Havana x American 572 . . . IT- 8 ±0*75 4 •2 ±26-2 ±1*1

American 572 . 16*1±0*82 ' :''5-4'

Fi American 572 x Sumatra Petioled 14-2±0-74 5*2 -'9-5 -11*7

F i Dubec Nikitskii 44 X Sumatra Petioled 15-6±0*71 4-6 ±0*13 ±0*13

Sumatra Petioled . , . 16*4±0*36 2*3
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Table 8

Mean number of leaves ^picked per plant

Plot 1 Flot 2

Varieties and combina*
tions Total

number
i of leaves

1

Number
of leaves
picked
per plant

Mean
number
of leaves

per plant

Total
number
of leaves

Number
of leaves
picked per
plant

Mean
number
wf leaves

per plant

BeM 13725 909 15*1 13574 911 14*9

Deli X Havana . 13379 904 14-8 13890 926 15*0

Havana 11986 908 13-3 11164 1 886
j

12*6

Fi Bubec Autbkii

576 X Havana
19367 905 21-4 18444 891 20*6

Bnbec Autskii 576 20498 907 22-6 18339 899 20*4

Bnbec Nikitskii 44 22213 885 23*1 20114 890 22*6

Fi Havana X Bubec
Nikitsldi 44

21382 906 23-6 20384 910 22*4

F 1 Bubec Nikitskii 44

X American 572
20996 915 23*2 19276 905 21*3

F i Havana X American
572

15305 911 16*8 14667 906 16*2

American 572 14679 889 16*4 12879 810 15*4

Fi American 572 x
Sumatra Petioled

20648 840 23*2 18931 919 20*6

F X Bubec Nikitskii 44
xSiunatra Petio-

led

23135 883 26*2 23025 921 25*0

Sumatra Petioled . 15901 910 17*4 15205

1

916 16*6
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Tabrb 9

Mean data on dimensions of the middle leaf in the forms investigated

Name of varieties and
combinations

I .
• 2

a0
6^
OQ

ri
•rt

1

3

Ratio

of

length

to

breadth

Mean

weight

of

unit

^

area

of

leaf

Yield

calculated

from

size

and

thickness

of

leaf

-

Percentage

increase

on

^

higher

yielding

forms

;

Percentage

increase

QQ

Oil

higher

yielding

f
orms

by

calculation

•

•

Difference

between

columns

7
and

8

j

Deli . . . .
197 2-27 196

: 11837

Fi Deli X Havana 212 2*43 316 12694 + 6 --7*4 1*4

132 3*28 320 6163 , . . .

Fi DuLc Autskii 676 x 148 2*37 391 6034 -7
,

-2*0 5*0

Havana
Dubec Autskii 576 .

123 2*19 233 6478 • •

Dubec Nikitskii 44 .
114 2*48 246 4066 • •'

;

• •

'

Fi Havana X Dubec Nikitskii 166 2-46 316 8623 +11 + 13-1 2*1

44

Fi Dubec Nikitskii 44 X 163 2*12 264 7162 + 13 + 16-4 3*4

American 572

Fi Havana X American 672 166 2*10 233 7124 + 26 + 14-6

American 572 • . 149 2*32 223 6682 v'

Fi American 572 X Sumatra 142 2* 35 239 7364 + 29 + 26*9 3*9

Petioled

Fi Dubec Nikitskii 44 x WE!!i 2*14 260 11307 +4a. ...+ 3.6*i„., 3*9

Sumatra Petioled m
Sumatra Petioled . m 2-28 24S 7980 ..



NOTES
INDIGENOUS DRUGS OF INDIA

In the course of the discussion on two applications for research grants

for investigations on indigenous drugs, it was brought to notice that informa-

tion was not conveniently available on Indian drug-producing plants. Oo

R. N. Chopra, I.M.S., Professor of Pharmac^ology, School of Tropical

Medicine, Calcutta, has kindly furnished the following lists of:

A. Important indigenous drugs for which there is a good market.

B. Pharmacopoeial drugs or their substitutes, which grow- in India.

Further detaUs will be found in Col. Chopra’s book “The indigenous drugs of.

India''. ...
.

'
'

LIST' OF IMPORTANT INDIGENOUS DRUGS
GROWING OR CULTIVATED IN INDIA

FOR WBICH THERE IS A GOOD
MARKET

1. Abroma auywsta—throughout India.

2. Ahrus precafon«.5—throughout India.

3. Acalypha indica—throughout India.

4:. Achillea mffle/olmni—Western Himalayas, cultivated in gardens..

5. Achyranthes aspera—^throughout India. -

6.

' Adhatoda vasica—^throughout India. . ^

1. Aegle marmelos—^throughout India.

8. Aesoulus hippocastanum—m the Punjab. . - -

9. Agave amen'cana—-throughout India. .

10. Alawyium lomarcfeii—throughout India.

11. Alpinia galanga—^E. Bengal and South India. .
, .

12. Alstonia scholaris—^throughout India. , ,

13. Amomum subulatum—^throughout India.-

14. Anaeyclus pyrethrum—^throughout India.

15. Anamhta coccuIns-Concan, Malabar, E.- Bengal and Assam. •

,

16. Andrachne . cardifoUa—^Punjab.

17. Androgra'phis 'paniculaid—^tliroughout India.
. , c

;

^

18. Andropoyan warancusa-oultivated throughout India. .

19. Auond sguawiosd—^tbrougb-out India. •

20. Anihemis nobilis—^Northern India.

21. Antians ioxicaria—^Burma.

22. Argemone mexicana^th^coughont India. .... .v

(
107 )
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23. Aristolochia bmcteata.

24. Bassia latifolia—^througliout India.

25. Berbem ansiatay asiatica—Himalayas, Nilgiris and Ceylon,

26. Blumea lacem—^throughout India.

27. Boerhaavia di^-usa—throughout India.

28. Butea frondosa—^throughout India.

29.. Ca6sal'pini& bondumllw—^throughout India.

30. Galairo'piB giganiea—throughout India.

dfl. CedruB libani—thxoughou^ India.

32. Cuminum oyminum—^throughout India.

38. Datura stramonium—‘Punjab.

34. Buonymm crenulatus—Temperate and Wostern Himalayas.

35. Euphorbia pillulifera—thxo\igh.out India.

36. Fumaria offtcinaUa—Chittoor and Punjab.

37. OauUheria fragrantissima—^Nilgiris.

38.. Gossypium herbaceum—^throughout India.

39. Hedyotia auricularia.

^0. Helleborua niger—^throughout India.

41. H&larthma anUdysmterica—^throughout India.

42. Hygrophila spinosa—^throughout India.

43. Ipomaea hederaceae—^throughout India.

44. Ipomaea turpethum—^throughout India.

46. Mallotua pfeilippwettsis—throughout India.

46. Melia assadirachta—^throughout India.

^7. Ocimum baailicum—^throughout India (0. gratminum).

^8. Oldenlandia biflora—^throughout India.

49. Oroxylum indicum—^throughout India.

30. Peganum harmala—^N.-W. India, Sind, Punjab, Kashmir, Agra and
Western Deccan.

51. Peiroaetinum aatimm^ F, graveoUnsis^

62. Picraama quaaaioidea—subtropical Himalayas and Kashmir.

63. Piper cuheba, P. betle—^throughout India.

64. Plumbago rosea—throughout India.

65. Pongamia ^Zabror—-throughout India.

66. Psoralia cori/Zi/oZza—throughout India.

p7. QuercuM w/eotoria—scattered tibroughout India.
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SS. Bauwolfia ^erpentwa—tropical Himalayas and at the foot of the Mils
from Moradabad to Sikkim, Assam, Pegu, Travancore and Ceylon.

59. Saraca indica—^throughout India.

60. Scopolia lurida—Central Himalayas, Nepal, Sikkim.

61. Semicarpus anaoardium—throughout India.

62. Sida cordifolia—^throughout India.

63. Bolanum dulcamara, 8, indicum—^throughout India.

64. Swertia chirata—from Kashmir to Bhutan and Khasia range, at 4,000

—

10,000 feet.

65.

- Symplocos racemosa—throughout India.

66. Terminalia arjuna—throughout India.

61, Tinospora cordifolia—-throughout India.

68. Toddalia aculeaia—^Nilgiris and from Kumaun to Bhutan, upto 6,000!

feet.

69. Trihulus ierrestris—^throughout India- and Ceylon.

70. Tylophora asthmatica—^Madras.

71. Vernonia anthelmintica—throughout India.

72. Viola odorata—^Kashmir, Northern India.

73. Wiihania somnifera—dry subtropical India, west coast.

LIST OF PHAEMACOPOEIAL DEUGS OE THEIE SUBSTITUTES
GEOWING IN INDIA

1. Acacia arabica—^Indian substitute Acacia tndica—throughout India.

2, Aconitum napellus, grows abundantly. A chasmanihum 8tapf,—ln

Kashmir, Bhutan and Tibet.

3. Aloe chinensis (A. perry and other species, specially thyrox}—Southern

India. Substitute A. indica,

4. Arachis hypogoea—^throughout India.

5. Artemisia mariUma—^from Kumaun to Kashmir at a height of 4,000 to

12,000 feet. More abundantly in Baluchistan, Ohitral, Afghanistan

and in the Himalayas.

6. Astragcdus /uct^wi/t^imported from Persia. Indian substitute A.

heratensisy A. strohiliferus,

7. AtfOpa belladonna—^Western Himalayas.

8. Bdsamodendron myrrhg and other species—Central Provinces, Cutch

and Sind.

9, Brasaio ni^ra^ B, campesiris an^ B- cultivated universally,



110 INDIAN JOUENAL OF AGRICULTDEAL SCIBNOB [V. I.

10 Oamellia Thea and Coffea arabica—grow in Darjeeling. Assam, Sylhet,

.
. Ceylon and the forests of Southern India.

11. Cannabis saiiva (or wdica)—throughout India.

12. Gapsic-um—throughout India.

13. Oarum copfioum—throughout India.

14. CaTum cavui—throughout India.

15. Cassia jfistoZa—throughout India.

16. Cassia augustifolia and acnti/olia—throughout India.

17 . Ck,nopsdmm ambrcmde,. »r. mthelmintimm-Sdlmhist^n.

18.
other varieties-Siktir,, Hilglri hiUa. Mungpoo

and Ceylon.

19. Cinnamom'um camphora—bulk imported in India.

20. CHrus atirantiiim—throughout India.

>21. Citrullus coIociyntk«-North-West. Central and South India.
_

22. Colchicum autumnaU and Ztifenm-Hashmir and common m Badghis

and Khorasan.

23. Convolvulus scammonia.

24. Coriandrum safinum—throughout India.
^

25. Digitalis furpurea—cultivated in Kashmir.

26. Dorema ammoniacum and other species—Baluchistan.

27. ..Eleitaria cardamomum—Western and Southern India.

28. Eugenia canjophylata—M.&\sh&v coast and Ceylon.
.

29. Epla*. ..Ijori. «.a allied ?P^-^ E»m”o^.
Afghanistan, Baluchistan, intermediate Himalayas,

30. Eucalyptus pZobuZws—Himalayas.

31. FemZa /oefida, Indian substitute F. narZbaoi-Afghanistan.

’ Foeniculum •uuZjfore—cultivated throughout India.
. ..

88
.' (?.»«.». !«*.«.

Himalayas.
_

„•

^ 34 Glwcwrr&a SfZabra^introduced into Punjab and Sind.

35' Hyoscyamus niger and WZcna-Kashmir and north-west Himalayas.

Juniper.fCommunis, macTopodg-^Bstem Himalayas, „ ,

37 Linum usitatissimum—cultivated tteoughout, India,- .

38. Lobelia infiata, Indian substitute, mcofianZ/oHa—® ^ .^vancore

aud..Ceylon, .
...

.

89. Mendha atvmm end pip.rito-We.to Himd.yaa, -.1.0 ooliirsted m
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40. Myristica /ra^ra?is—cultivated in South India.

41. Papaver somniferum—^Bihar, U. P. and Punjab.

42. Peucedanum graveolens—^throughout India.

4S. PicToena Kashmir and north-west Himalayas.

M, PicTOTThka hunooa—Alpine Himalayas from Kashmir to Sikkim.

45. Pipenella anisum—cultivated throughout India.

46. Pinus longifolia—^Himalayas.

47. Podophyllum emodv— Himalayas.

48.

- Polygala senega, Indian substitute P. chinensis, crotalariodes-^

throughout India.

49. Psychoiria ipecacuanha—cultivated in Nilgiris, Mungpoo, Burrosa.

50. Ricinus communis—cultivated throughout India.

51. Rheum emodi—^Himalayas.

52. Santalum album—South India.

53. Strophanthus.

54. Strychnos nux vomica—specially South India, and Cuttack in B. & O.

55. TaraMogenos hurm and Hydnocarpus wightiana—^Western Peninsula,

South Concan to Travancore.

56. Thymus vulgaris {Gorum copiicum)—^Indore and Nidam's Domisions.

57. Urginea indica—^throughout India.

68. Valeriana wallichii and officinale— Himalayas.

59. Zingiber officinale—cultivated throughout India.

THE MATNABD^GANGA RAM PRIZE

In 1925 the late Sir Ganga Bam, Kt., O.I.E., M.V.O., B.B., Lahore, with

that generosity for which he was so well known, handed over to the Punjab

Government a sum of Es. 25,000 for the endowment of prize of the value of

Es. 8,000 to be called the Maynard-Ganga Earn Prize and to be awarded every

three years, for a discovery, or an invention, or a new practical method which

will tend to increase agricultural produotiOii in the Punjab on a paying basis.

The competition is open to all throughout the world. Government servants

are also eligible to compete for it.

Entries for the next award were invited by the 31st December, 1983. None

of the entries was considered to be of sufficient merit and it has been decided

by the Managing Committee of the prize that the award should be postponed

for another year and that further entries should reach the Director of Agri-

culture, Punjab, Lahore, on or before the 3Ist December, 1985.
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Applications aro invited for tlie Maynard-Ganga Eam Prize of tlie value

of Es. 3,000 which will be awarded for a discovery, or an invention, or a new

bractical’ method tending to increase agricultural production in the Punjab on a

paying basis. The prize is open to all, irrespective of caste, creed or nationahty

and Government servants are also eligible for it. Essays and theses are not

eligible for competition and applicants should prove that some part of their dis-

Eovery, invention, etc., is the result of work done after the prize was founded in

1925. ’The Managing Committee reserves to _ itself the right of withholding

or postponing the prize, if no satisfactory achievement is reported to it.
^

All

entries in competition for the next award should reach the Diiector of Agricul-

ture, Punjab, Lahore, on or before the SI st December, 1935.

THE KATAMOHPHISM OE IGNEOUS ROCKS UNDEH
HUxMlT) TROPICAL CONDITIONS

BY

The Late PEOFESSOE SIE JOHN BUECHMOEE HAEEISON, Kt., C.M.G.,

M.A., F.I.O., F.C.S., P.G.S., F.G.S.A., etc...

Late. Director of Science and Agriculture, Government Analyst and Geologist,

British Guiana

|Publislied by Tlie Imperial Bureau of Soil Science, Botliarasted Experimental

Station, Harpenden—^Price 5s.)

Sir tTolin Burchmore Harrison, late Director of the Department of Science

and Agriculture in British Guinea, died in 1926, leaving behind him th©

unrevised manuscript of what was perhaps his greatest work. Throughout the

37 years he spent in British Guiana he interested himself in the study of the

processes of tropical weathering to which he directed his great powers of observa,-

tion and analysis. He incorporated the results and conclusdon of his life’s work

on the subject in a manuscript which was discovered by Mr. B, B. Eollett Smith

of the British Guiana Department of Agriculture in 1930, and forwarded to the

Soil Bureau by Professor F. Hardy, of the Imperial College of Tropical Agricul-

ture. The Bureau does not undertake the publication of original research work,

but in this instance it has been privileged to do so on behalf of Demerara

Proprietors, Ltd., and the British Association for the Advancement of Science,

,
.

: who have generously contributed the necessary funds. ^The laborious and

’

; i difficult task of revising the manuscript after the death of its author has been

"i
’ '

^ carried out by Professor Hardy. Tlj,e scientific wo.rld owes a debt of gratitude

‘ ' '

' to the contributing bodies and to Professor Hardy for securing the publication

of a work of unique value which could never have been printed without their

assistance. It is doubtful whether such a detailed and far-reaching study of

tropical soil-forming processes, in particular of lateritisation, has ever been made

before, and (under present-day conditions) it is most unlikely that the oppor-

tunity and ability to repeat Harrison’s work will again occur together. It may

truthfully be said that it scarcely needs repetition, but it will serve as a sure

foundation to further researches on a problem of increasing scientific and

economic importance. The monograph should become a standard work of

reference to all students of tropical geology and soils, '
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Fact IV—Katamocphism oi Acidic Igneous Bocks tmdec Humid lErOpical

Conditions.

(1) Tail Katamorpijism of Ai^ali-FFisfab Pegmatite at Mazaruki QtiAtoif.

(2) The Katamorphism op Muscovite Mica at Mazaruni.

(5) The Katamorphism of Granite at Kalacoon and at Mazaruni Quarry.
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(C) Comparison between tbe- Kalacoon and the Mazaruni Quarry Sections.

(t>) The percolating waters at Mazaruni Quarry.

Crown quarto; 80 pp., with a foreword by Sir E. J. Eussel and a preface by

Professor Hardy. Stiff paper cover, Price 5 Shillings, post free.



APPENDIX

INSTRUCTIONS TO AUTHORS OP PUBLICATIONS OF THE IMPERIAL
COUNCIL OF AGRICULTURAL RESEARCH^

1. All manuscripts should be clean, clear and carefully revised. Only one

side of the paper should be used, and as far as practicable the original type-

written copy and not a carbon copy should be sent. Capitals should be sparingly

used, and all the necessary punctuations should be done in the MS. and not

left for introduction in proofs.

2. The title of a paper should not be lengthy.

3. It is desirable that the MS', should have suitable heads and sub-heads.

In numbering the principal divisions of a paper roman numerals should be

used. The use of arable figures and (a), (b), (c), etc., is generally reserved for

numbering the sub-divisions coming under each head.

4. Articles submitted for publication either in the Indian Journal of Agricul-

tural Science or in the Indian Journal of Veterinary Science and Animal Hus-

bandry should be accompanied by abstracts for publication in Agriculture and

Live-stock in India. Abstracts should be concise, but should be long enough to

explain the matter dealt with; ordinarily no abstract should exceed 200 words.

5. When a word or line is intended to be printed in italics it should be under-

lined with a single line, in sm. cap. with two lines, in CAPITALS with three

lines, and when in Antique (heavy type) with a wavy line {

—

6. In descriptive matter, numbers under 100 and all numbers occurring at the

beginning of a sentence should be in words.

7. Local names for crops, technical operations, etc., should be defined

where they first occur in the text, e.g., rabi (spring crop). The use of local

weights and measures should be avoided as far as possible. Vernacular names,

such as jowar, bajri, should be in italics without a capital letter, and each such

name where it first occurs should be followed by its scientific equivalent in

brackets, e.g., jowar {Androyogon Sorghum). It is usual to write the initial

letters of varietal names in capitals, e.g., Striped Mauritius, Dharwar-American

cotton and Brqach cotton.

8. Botanical and zoological names are printed in italics and should be

underlined in the MS., e.g., Triticum vulgare L. ; Diylodia Corchori Syd.

;

Pyrilla aberrans Kirby. The International Eules of' Botanical Nomenclature

and the International Eules of Zoological Nomenclature should be followed.

The names of chemical substances should not be written with a capital letter;

they are printed in roman type (e.g., calcium carbonate, prussic acid).

* Spare copies o£ these Instructions can be had on application to the Secretary, ImperiaJ

Council of Agricultural Kesearch (Publication Section), New Delhi.

(
115 )
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9. The following and similar abbreviations may be used freely:-—

i.e., mm. (millimetre), cm. (centimetre), grm. (gramme), mg. (milligramme),

c.o. (cubic centimetre), sp. gr. (specific gravity), lb. (pound), cwt. (hundred-

weight), in. (inch), ft. (foot), oz. (ounce), md,.. (maund), sr. (seer), eh. (chattack).

Other abbreviations should be used sparingly, if at all.

10.

' Eeferences to plates should be given within brackets, without prefixing

the word “see’' or “ci”, in the MS., itself, and should not be left over for

introduction in proofs. For example, “The parasite (PL X, fig. 4) was present

late in 1906”.

11. The word “Table” is preferable to “Statement”, and tables should be

numbered consecutively in roman figures. Each table should have an explana-

tion as a sub-head. It is more convenient for reference if tables can be printed

horizontally; for this purpose they should not exceed in width the printing

measure of the page (5 in.). Exani'ple—

Table IV

Results of watef’Saving 'experiments on wheat {Pusa 12) at Gungapur^ Hariptir

and 8argodha, 1916-17

Station

ITo. of irri-

gations in-

cluding the
preliminary
watering

Yield per acre in
maunds and seers

j

Average yield per

j'
. -acre

Grain Straw Grain Straw

i

Mds. Srs. Mds. Srs. Mds. Srs, Mds. Srs.

Gungapur . . . • • One 12 I9i 20 10
j

1
Haripnr . . . . f* 8 31 19 14

I

:

1

^

1

.9 34 21 17

Sargodha . . . . • 8 12i 25 27J
1

J

12.

Eeferences to literature, arranged alphabetically according to .author’s

names, should be placed at the end of the article, the various references tof

e,ach author being arranged chronologically. Each reference should contain the

name of the author- (with initials), the year of publication, the abbreviated title

of the publication, volume and page. In the text the reference should be

indicated by the author’s name followed by the year of publication enclosed in

brackets; when the author’s name occurs in the text, the year of publication

only need be given in brackets.. If reference is made to several articles pub-

lished by one author in a single year, these should be numbered in sequence and
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the number quoted after the year bothin the text' and in the colieeted refereneesv

This system of referencing is the same as is used in the Biochemical Journal

with slight modification and will be clear from the following illustration:—

The work of Osborne and Mendel [1919, 1, 2] and Steenbock and Boutwell
[1919] had indicated an association of the fat-soluhle vitamin with the green
parts of plants.

^

This view was examined by Coward and Drummond [1921] who
reported that vitamin A was not synthesised by etiolated shoots but that green
leaves were active in its formation. Another worker [Wilson, 1922], on the
other hand, found that etiolated shoots if given in sufficient quantity could
supply the fat-soluble vitamin and that this factor was therefore formed in the
absence of light.

BEFERENCES

Coward, K. H. and Drummond, J. 0. (1921). Biochem, J. 15, 530.

Osborne, T. B. and Mendel, L. B. (1919, 1). /. Biol, Olitm. 37, 187.

(1919, 2). /. Biol, Ghem, 41, 549.

Steenbock, H. and Boutwell, R. (1919). /. Biol, Ghem, 41, 149.

Wilson, J. (1922). J. Biol. Ghem. 51, 455.

Abbreviations, as far as possible, should follow the system adopted in '‘A

World List of Scientific Periodicals’" published by the Oxford University Press.

13.

Papers should be complete when submitted for publication. As altera-

tions and additions at the proof stage cause both additional expense and delay,

they should be resorted to as little as possible. In making corrections in proofs

the recognized symbols which will be found in the ‘'Standard Dictionary”

should be used. Second (page) proofs will be submitted to authors who should

return them promptly.

Illustrations

14. As the format of the journals has been standardized, the size adopted

being crown quarto (about 7-| in. x9| in. cut), no text-figure, when printed,

should exceed 4-| x 5 inches. Figures for plates should be so planned as to fill a

crown quarto plate—the maximum space available for figures being 5| x 8 inches

exclusive of that for letterpress printing.

15. Photos or drawings for illustration should accompany the manuscript

and each should bear on the reverse side the name of the paper to which ft.

relates together with the title or legend, figure or plate number, and the size’

to be reproduced. When giving instructions for reduction linear measurements

are understood; thus, “half-size” means reduce to half the length and breadth,

not half the area. A photograph should not be rolled up, nor pinned, and^

should always be packed flat. A complete list of plates and figures should

always accompany the paper.

16. Line drawings should be made with clear black lines on smooth white

paper, preferably board. Bough paper should be avoided. Care should
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be taken that all the lines are drawn firmly; scratchy or grey lines, produced by
the ink being thinned down, are not permissible. Drawings should be larger
than the requhed size. All lettering should be neatly and clearly put in, care
being taken to make all lettering sufficiently large to stand reduction.

17.

For half-tone work, copy should be made on glossy silver paper and of
the same size or larger than the size required.

18.

For three-colour work, copy may be oil-painting, water-colour, coloured
photograph or coloured transparency, and larger than the size required. In pre-
paring copy, one should use only the primary colours, in any combination, as

only inks of primary colours are used in printing. Originals can be enlarged,
if necessary, but this should be avoided if possible.

19.

For detailed instructions regarding preparation of illustrations, it would
be of advantage to refer to Mr. C. M. Hutchinson’s article on '‘Photographic

illustrations” in the Agricultural Journal of India, Vol. XI, Pt. 3, July 1916, and
Mr. A. W. Slater’s paper on "The Preparation and Keproduction of Scientific

Illustrations” in the Proceedings of the Third Entomological Meeting, 1919,

which has been reprinted as Bulletin No. 114 of the Agricultural Eesearch
Institute, Pusa,

aiPD~479 10 olAR—30-3-35—830
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Polyembryony in angiosperms, though not so prevalent as in gymnosperms,

is nevertheless of fairly general occurrence and has been known for a long time.

The first discovery of this phenomenon is credited to Leeuwenhoek, who as early

as. 1719 found two embryos in orange seeds. Since then, many more examples

have been added to this, and to-day the cases on record are numerous. Among
Gramineae this* phenomenon,, is rarer than in other flowering plants, and has been

noticed in wheat, oats, rye [Hansen, 1920], rafgri—Ehusine coracana—[Rangaswami
Ayyangar and Krishnaswami, 1930] and sugarcane [Butt and Subbarao, 1932].

As regards the origin and significance of polyembryony, diverse views are held and
these will be briefly considered later, when the origin of this phenomenon in rice

is discussed.
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H. OcOTTEEBisrca! nsr biob

There are only three reported instances of polyembryony in rice. Komuro

[1932] m Japan observed a rice seed, which upon gemination produced two

plumules. Rodrigo [1925] in Philippines found one seed of a rice variety producing

two plumules and two primary radicles, on germination. He later germinated

about 107,000 seeds of the variety and got only one seed with two plumules, and

considered this phenomenon rare in rice. Jones [1928] in America obtained one

seed from a cross between two rice varieties which produced two hybrid seedlings.

The two plants were identical and he concluded that they arose from one fertilised

egg- Considermg the few and isolated instances of this phenomenon, it was

believed to be of very rare occurrence in rice. At the Paddy Breeding Station,

Coimbatore, however, quite a large number of cases of polyembryony have been

observed and studied. Although seeds giving rise to two seedlings (Plate VIII,

fig. la) were more common, some giving rise to triplets (Plate VIII, fig. 16) were

also observed.

In the coiirse of examination of the seed beds of FgS of a cross between two

varieties, T. 24 and T. 381, one seed with two seedlings (Plate VIII, fig. 2a) each

with its coleoptile and primary root was observed in one of the seed beds. Further

search for similar cases resulted in the isolation of five more twins, one of them

being composed of two lethal albinos (Plate VIII, 26) the latter having been found

in a family segregating for albinism. The occurrence of this phenomenon in the

hybrid progenies led to the idea of examining the parent varieties for the presence

of this character. A large number of seeds in each of the two parent varieties was

germinated until the plumule and the radicle had emerged to more than an inch

and these were examined individually for polyembryony. It was found that on®

of the parents, a pure line, T. 24, showed this phenomenon consistently in the pro-

portion of 1 in 1,000 seeds (Plate IX, fig. 1). Out of several cases isolated, the

majority was found to be of twos, while a few were triplets. A similar search in

the other parent and some other varieties, however, did not reveal this phenomenon.

It may be mentioned m this connection, that the regular occurrence of this pheno-

menon in T. 24 probably has some significance. Some hereditary tendency appa-

rently exists for this particular feature in this strain and this character is exhibited

in the hybrid progenies, (FjS, F^s and Fgs), wherever this pure line has been one

of the parents. It is not to be supposed, however, that this phenomenon does not

occur in other cross progenies, as occasionally double embryos were also obtained

from some crosses where T. 24 was not involved as a parent.

III. DBSOEtmON Off CASES

The several oases of polyembryony isolated from the pure line, T, 24, and the

various hybrid progenies inay be classified under two he)^ :

—

(i) Genetically identical, and

(ii) Geneticahy difforepl,
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1. GeneticaUy identical cases

{a) From the pure Kne.~Several twins and a few tiipiets isolated from tlio"

pure line T. 24, were separated and grown to maturity. The iiidmduak eoiistr

tilting the twin or triplet are easily separated after about 10 days’ growth in th©

nursery, when the absorption of the endosperm is complete. All the twins except

in one case were fouiid^ identical in their genetic constitution, vigour of growth^

etc,, and resembled the parent. Among the triplets, one -was ahvays slightly less

vigorous than the other two, although all of them were of the same genetic consti-

tution.

(b) From hybrid 2^rogenies.-—~A number of cases of identical twins w^ere met
with in Fi, Fg progenies of crosses between T. 24 and other varieties. Two
cases of identical twins were also observed in other hybrid progenies, where T. 24

was not concerned. Among the identical twins, two instances of twin albinos

also were met with which, as would be expected, died out early.

2. Oenetically different cases

() From the pure line ,—By far the most interesting case of polyembryoiiy

noted in the pure line is the appeai’ance of a normal diploid individual in associa-

tion with a haploid from one seed. A description of the haploid is given in a sepa-

rate publication. [Ramiah, Parthasaraihy and Ramaiiujam
;
1933.]

() From hybrid progenies.-—hi one of the F3 families of a cross between two

varieties, which was showing a mono-factorial segregation for normal green and

albino seedlings, one seed was found to give rise to a normal green and a lethal

albino {Plate IX, fig. 2). This association in a single seed is very interestiBg, as

the breeding behaviour of the normal green partner, the albino seedling having

died out early, throws some light on the origin of polyembryony in rice. When
the green seedling was grown to maturity and the seeds from this plant were sown

again, it was found that the progeny consisted entirely of green seedlingvS, thus

showing its homozygous nature with respect to the chlorophyll factor.

IV. Discussion REGAEniNa oeigin anu significance

Polyembryony in angiosperms has been observed to arise mostly due to th©

development of embryos apogamously from cells inside the embryo-sac or from the

nucellus and integument by sporophytic budding. Cases where this phenomenon

has resulted from the development of distinct embryo-sacs are also recorded and

these are classified under pseudo-polyembryony by Ernst [1901] and quoted as

such by Coulter and Chamberlain [1903]. The list furnished by Coulter and

Chamberlain is fairly exhaustive and shows the diverse sources of origin of this

phenomenon in angiosperms. "While this feature is rare in certain species, it appears

to be the normal method of seed formation in some and is regularly found in certain

others, notably in the mango and some of the citrus. Its appearance in several
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distinct groups and its origin by several distinct metbods from different morpholo-

gical sources have given rise to diverse views regarding its significance.

As regards the source of polyembryony in rice, the occurrence and breeding

behaviour of the green-albino twin, already referred to, throws some light. It

uggests that two embryo-sacs of different factorial constitutions arc concerned m

Jheir development. If we designate G as the factor for green colour and g for its

allelomorph, then the heterozygous plant giving rise to the polyembryonic seed will

ne Gg and the twins themselves GG(homozygous green) and gg(homozygous albino).

It is obvious that the sporophytic tissue of the. seed, being itself heterozygous^,

cannot give rise to homozygous individuals of the constitutions GG and gg and that

the twins should have arisen only from the gametophyte. At gametogenesis, the

heterozygous plant would give rise to pollen and embryo-sac mother cells with either

the factor G or its allelomorph g in each. If in this case, as

^

is usual, only one

^mbryo-sac mother cell develops, it can contain only either the factor G or its allelo-

morph g and such an embryo-sac cannot give rise to two homozygous individuals

of the constitutions GG and gg. In an embryo-sao contammg G, the possible em-

bryos that can develop are GG and Gg by fertilization and GG by apo^amy. In

an embryo-sao with g, the possible embryos are gg and Gg by fertilization and gg

bv anogamy From the above it is clear that any one embryo-sac cannot give

ri to toe tvmis with toe constitutions GG and gg and it is necessary for two embryo-

sacs to be formed with different factorial constitutions, for such a phenomencn as

a homozygous green and an albino seedlings to develop from the same seed.
_

Such

a condition, where more than one emhryo-sac has developed m one ovule is not

rare in the history of development of the female gametophyte in angiosperms,

f'nnlter and Chamberlain cite a number of examples where more than one embryo-

“3
to develop. Beoexji «d Bh«iori [1033) top.rt tie

of too eeporote .mb.5-0-.ec. with too well developed emb.yo. m the M»e

OTule of Nicotiam phmbagimfolia. Even in rice, a case of two embryo-sac mother

ceUs in one ovule has been observed and figured by Kuwada [1910]. Hence, besides

other forms of polyembryony, like nuceUar embryony, etc., which may exmt in

ri^ that developii^ from two embryo-sacs is also a possible source of this pbeno-

menon. Detailed embryological studies are underway to confirm this observa-

tion.

Regarding the significance of polyembryony in general, several views are held

as alreiy stated. Until a more thorough knowledge of this phenomenon m gamed

no definite statements on this point would be justified as aU such could at best

be only suggestions. Strasburger [1877, cited by Tiwary] considered it as a gradua

Chang! from the normal formation of the sexually produced embryo, as too result

oLLening of sexuality, of poUen formation and of toe capaorty of the embryo

to develop. Pfeffer [1897, cited by Tiwary] has suggested that m is merely » fom

S buddii, the conditions in the embryo-sac giving it the form of the sexuaUy

produced Lbryo. Ganong [18981 on toe other hand suggests that it may be the
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early stages in the development of some thing new. In its origin in several distinct

groups it is comparable with the appearance of heterospory, buD whether poly^

embryony like heterospory will lead to some higher condition remains to be seen^

though we shall not see it.” Echinger [1910, cited by Tiwary] believed it to be an

attempt on the part of the plant to increase its capacity for dispersal. Ernst [191 8 j

cited by Tiwary] does not subscribe to any of these views but maintains that

it is the outcome of the hybrid nature of the plants that exhibit it, and is a form

of apospory. He holds that hybridisation is the initial cause of parthenogenesis j

apospory, apogamy, nucellar embryony and polyembryony. Chauveaud [1892,

'mited by Coulter and Chamberlain] considers that polyembryony is a primitive

feature of angiosperms, the number having got reduced in the interest of a strong

embryo.;. He found in Vincetoxiam nigrum and F. medium, polyembryony being

a regular feature and also noted four or five bodies in the pollen tube which he

thought might be interpreted as male nuclei being responsible for the phenomenon .

Dutt and Krishnaswami [1932] have recently found more than two male nuclei

in the pollen tube of sugarcane, which may be capable of effecting additional ferti-

lisations and causing polyembryony. Dodel [1891, cited by Coulter and Chamber-

lain] in describing synergid fertilisation in Iris siherica implies somewhat a similar

view with that of Chauveaud regarding the significance of polyembryony. Recently

Kappert [1933] in an elaborate study of polyembryony in flax consisting of a detailed

analysis of different crosses concludes, that polyembryony is a recessive character

probably conditioned by a series of multiple allelomorphs. He suggests that in

hybridisation, suitable recombination of the recessive multiple factors from various

strains occurs, as a consequence of which polyembryony segregates out in certain

lines. Our recent observations in the F4 progenies of a cross between T. 24 and

T. 260 have shown several families exhibiting this phenomenon in large numbers.

This fact coupled with the occurrence of this phenomenon in T. 24 with a regularity,

amounting almost to a hereditary tendency is suggestive of this feature being a

heritable character in rice. A detailed analysis of the several cross progenies in

which this character is found to segregate is underway and it is expected will

throw light on this point.

V. SxrMHABY

1 , Polyembryony which is believed to be a rare phenomenon in rice, was

observed to occur in fairly large numbers at the Paddy Breeding Station, Coim-

batore, in a pure line T. 24 and in several hybrid progenies, the pure line alone

exhibiting the feature consistently in the proportion of 1 in 1,000 seeds. Although

seeds giving rise to two seedlings were more common, some giving rise to triplets^

which is being recorded for the first time in rice, were also observed.

2. The several oases of polyembryony isolated were classified and described.

Among genetically identical twins, besides the normal green, some lethal albino

twins were also observed. Genetically different twins included cases where a haploid

was found in association with a diploid and a green seedling with an albino.
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3, The occurrence and breeding behaviour of some of the twins are discussed

in relation to the origin of polyembryony in rice, and it is tentatively suggested

subject to confirmation by further embryologicai studies in progress, that the

development of more than one embryo-sac might also contribute to the origin of

this phenomenon. As regards its significance, which is being investigated in more
detail, evidences are available which show it to be a hereditary character.
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I. Importance of and sabson oilseed crops in the Punjab

Toria md sarson for which the botanical names Brassica napus L. var. dichotoma

Frain, and Brassica campestris L. var. sarson Prain, have been\ised in this paper

on the authority of Prain [1898], are by far the most important oilseed crops of the

Punjab. Toria is chiefly grown in the canal colonies and on the average of five

years ending 1932-33 occupied an area of 554,892 acres annually of which 487,881

acres were irrigated. Sarson is sown almost all over the province except in some
of the hills. The area under this crop is not recorded separately in the official

records but is given with taramira (Eruca sa:tiva) and mi {Brassica jtincea). The
total area under these three crops based on the average of five years ending 1932-83

was 643,378 acres each year out of which 93,519 acres were irrigated. The fact

that sarson is generally grown mixed with gram, barley, or wheat, and rarely alone

makes the exact determination of the area under this crop rather difficult, but
from a rough estimate of its acreage in various districts, supplied by the revenue

authorities concerned, it appears that sarson constitutes about 30 per cent of the

area recorded under these three crops jointly.

Toria seldom succeeds without irrigation and is more liable to suffer from cold

and frost. It is, therefore, usually sown earlier than other Eahi (winter) oilseed

crops and is treated as zaid Kharif (autumn crop). It is generally sown in Septem-

ber and is harvested in December-January.

Sarson is usually sown in October-November almost entirely on unirrigated

areas and is harvested in Pebruary-March.. When sown mixed with other crops

the seed is dropped in furrows made by a plough at intervals of four or five feet.

Besides extraction of oil from its seed, sarson crop is also used largely as fodder

and vegetable. Toria, on tlxe other hand, is grown almost entirely for the extrac-

tion of oil from its seed. Its importance lies chiefly in the fact that its produce is

available, for sale, to the farmer at the time when he needs money for paying off

land revenue.

II. Importance of studying modes of pollination

From the plant breeder’s point of view the methods employed for the improve-
ment of a crop depend, to a large extent, on the mode of pollination of the crop

concerned. A study of pollination methods is extremely necessary, as, in light

of these studies the right lines of effecting improvement in a crop can be decided

upon and adopted, thus avoiding considerable waste of time and labour. The
embryo, which gives rise to an adult plant, results from the fusion of two (male
and female) gametes or reproductive cells, the constitution of which may be iden-

tical or different. In case these two gametes have, habitually, the same consti-

tution that is to say, the plant is self-fertilized ” from generatidn to generation,

*'the like will produce like”. The main process of bringing about improvement
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.n such, crop plants is, in principle, a simple one. It consists^ in selecting, from the

focal materital, a large number of plants differing from one another, multiplying

bheir seed, subjecting them to suitable trials, and then choosing from amongst

bhem, for introduction into general cultivation, one or more which turn out to be

most suitable for the conditions prevailing in the locality concerned. Even if

there be an occasional variation from this mode of pollination, this method is still

applicable. On the other hand, if the two gametes fusing together are always

different in constitution or frequently so, that is, a large amount of cross-fertili-

zation occurs in the plant, one generation must be different from the other. In

such cases the evolution of unit species and keeping them constant from year to

year would be extremely difficult and almost impossible in practice, and from the

further fact that almost all such unit species are known to be less vigorous than

the naturally occurring heterozygous material the evolution of such unit species

would not appear, from the economic standpoint, to be of primary importance.

In such crops some type of group-breeding would appear to be the more practical

and easier method for effecting improvement.

III. Review of bast woek

So far as the two crops under consideration, viz\^ toria and sarson, are concerned

little work appears to have been done in studying their modes of pollination. Some

excellent work appears to have been done on the fertility of the genus Brassica in

Europe. But toria and sarson are not the commercial crops of Europe and it is

also known that in this genus of plants there exists a wide variation in fertility

from species to species and even between varieties within one and the same species,

therefore, the work done in Europe does not exactly bear on the subject matter

contained in this paper. Even in India, where these two crops are commercially

important, there is not much reference available pertaining to this subject, except

some preliminary investigations conducted by Howard, Howard and Rahman

Khan [1910] ;
they say that ^'Sarson readily sets seed under bag and a certain

amount of self-fertilization is therefore to be expected in free flowering plants ”.

In toria, they say, setting under bag is not so easy as in rai and taramira. Work

on toria and sarson in the Punjab was originally started in the year 1910 by Mr.

Milne, C.I.E., then Economic Botanist to Government, Punjab. He collected a

number of local varieties of these crops for study. The observations made by

him and the author of this paper who worked with him for several years since 1913

showed that considerable crossing occurred in the field in these two crops and that

it was very difficult to keep the various varieties pure. No detailed investiga,

tions as recorded in this paper were, however, then undertaken. Systematic work

on these crops was started in 1926 and developed further in 1929 since when the

author of this paper took independent charge of the work on oilseed crops in the

Province. The results of some of the breeding investigations on these crops were

published [1931] by the author Jointly with R. B. Singh amd Zafar Alam and it
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had been shown that in both these crops, viz., toria and sarson, the floral mechanism

is such that it provides few chances for natural selfing. Under bags they are shy

seed setters, the production of normal seeds under bag being about l/46th and

l/27tli respectively, of that in free-flowering branches open to the visits of insects.

The yellow seeded form of sarson was, however, found to be an exception to this,

as it gave quite a good setting under bag. The investigations carried out by the

author at tyallpur in recent years have added greatly to the results obtained pre-

viously. The present paper is an attempt to record the important findings up«

to-date and it is hoped that it will prove to be a useful contribution towards the

elucidation of some of the breeding problems connected with these crops.

IV. Observations and results

(4) Toria

(a) Floral mechanism and 'pollination.—^Examination of flowers shows that in

the bud-stage immature stamens lie below the stigma with their pollen-liberating

sides directed towards the style. As the flower opens, the filaments of the four

long stamens increase in length and carry the anthers above the stigma. At the

same time these anthers turn half-way round so that their dehiscing surfaces are

turned away from the stigma even after the flower has opened
; but their anthers

remain much below the stigmatic surface. The mechanism is, therefore, not
greatly in favour of self-pollination. Each flower has four nectaries. Nectar is

profusely secreted by each of the two nectaries situated at the bases of the two
short stamens. The other two nectaries which are situated at the bases of the long

stamens do not appear to be functional.

The flowers usually open between 8-30 to 10-30 a.m. and as the flowers open
the anthers also begin to dehisce from the apex downwards. The dehiscence is

usually complete by 12 noon. The flower remains fully open for a day and then
it gradually begins to wither and on the fourth or fifth day, after opening, the sepals,

petals, and stamens are shed. By this time the fertilized ovary also increases in
length,

(5) Insects and pollination.—The Ml significance of researches in connection
with insects as pollinating agents seems to have been realized only in compara-
tively recent yeaxs. Lewis and Vincent [1909], Chittenden [1914], Morris [1921],
Hooper [1922-23], Bammel [1923] and Hutson [1925-26] have definitely established
the necessity of honey-bees for the successful pollination of fruit trees like apples
pears, peaehes and plums, while Eox Wilson [1929] gives a detailed account of the
different species of insects concerned in the pollination of hardy fruits. Insect
visits to fruit blossoms greatly increase the percentage of fruit setting and thus
materially increase the output. Hendrickson [1916], Overholser [1927] and Farrar
[1931], therefore, suggest supplementing of wild insect pollinizers by means of
hive-bees. The demand for honey-bees* to effect cross-fertilization at the blooming
period is steadily increasing in America and according to Phillips [1930] will still
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furtlier increase. He, tlierefore, emphasises that, the requirements for colony

strength in order to have bees -which will give good service in pollination of fruit
’’

should be thoroughly investigated.

Out of the agricultural crops insect visitors of red clover {Trifolium partense

L.) seem to have been more extensively studied. Williams [1926] has given an

admirable historical resume of the work done in this connection from 1876 to 1925

in different parts of the world. He, and more recently Walton [1927] have estab.

lished that humble-bees {Bomhis sp.) are the most important for red clover

pollination. ,

Balls and others [1929] have shown that solitary and ground bees are much

more important agents in the natural crossing of cotton flowers in Egypt and conse-

quent varietal deterioration than the honey-bees. Treheme [1923] shows that

- honey-bees are the most important for seed production in vegetable crops.

In India the problem of studying insect visitors of farm crops lies practically

untouched. BurkiU [1906, 1, 2, 3 ;
1907; 1908; 1911] published a series of notes

on the pollination of flowers in India and contributed an article on Insects and

flowers ” in Indian Insect Life [Lefroy, 1909, pp. 222-223]. In these contribu-

tions Burkill records the names of insect visitors of different kinds of flowers.

The study on the insect visitors of toria and saram at Lyallpur with particular

reference to the part played by them in the pollination of these crops, was taken

UP by the author in 1929, when representatives of three orders, mz., Hymenoptera,

Lepidoptera, and Diptera were noticed to visit toria and Samson flowers ^t^^yaUpur.

The detailed observations were recorded in later y^rs with the help of Mr. :^an

A Bahman, Assistant Professor of Entomology who kindly helped m the collec-

tion and identification, etc., of the insects concerned. One hundred and seyenteen

different species of insects falUng under the following 7 orders (given m order of

importance) have been recorded visiting toria flowers

1 .
Hymenoptera.

2. Diptera.

3. Lepidoptera.

4. Coleoptera.

5. Ehyncliota.

6. Thysanoptera.

7. Nenroptera.
^ r * i.

Observations made on the relative abundance of the various ^

and their relative efficiency in affecting pollination of torm showed that Andjena

iUrda (Hymenoptera) is by far the most important and efficient pollinator of ona,

Ttn^rfeLle is much more active and useful than the male in the poUma-

tffin work Next to Andrena ilerda in importance are Apis jiorea (Hymenoptera)

andMi. ...

a te, »e p»d.to». e.,., FUmtm Smm
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and Liris haemorrhoidafis ¥. (Hymenoptera), and therefore, they do more harm
than good by Idlling the useful pollinating insects. Considered from all points

of view, Andrena ilerda. Apis florm s^xid Halictus sp. may be regarded as the chief

pollinating agents of toria as these insects abound in numbers during the main

flowering season of toria and furthermore are very ardent and persistent workers.

Between them these three insects have been recorded to make up on the average

about 82 per cent of the insect visitors to toria flowers as follows :—Andrena ilerda

54 per cent, Apisflorm 19 per cent, Halictus sp. 9 per cent.

As already pointed out above, the floral mechanism in toria is such as to reduce

the chances for self-po'Hnation to the minimum. Therefore, the flowers must
depend on some external agency for bringing about pollination. Observations

made in this connection show that insects play a great part in the pollination and

that wind hardly plays any role, if at all, in this respect. The insects start visits

ing the flowers at 10 a.m. and are met with in largest numbers between 12 noon
and 2 p.m. After 3 p.m. their number decreases considerably, so much so that after

4 p.m. hardly any insect can be seen visiting the flowers. Insects visit only freshly

opened flowers for the collection of the nectar, which is secreted by the nectaries

only on the day the flower opens. It is interesting to note that an examination

of the anthers of freshly opened flowers at about 3 p.m. shows them to be abso-

lutely devoid of their pollen which is evidently carried away by insect visitors.

Detailed observations were recorded during the year 1929-30 with regard to

the frequency of insect visits to flowers. For this purpose, a number of individual

flowers and inflorescences were earmarked at different places in the field and the

number of insects visiting them per hour was recorded for about a fortnight from

9 a.m, to 5 p.m. daily. The results show that, on the avenge, an inflorescence and

a flower were visited by insects 71 and 26 times respectively per day. The fre-

quency of insect visits is so great that there is absolutely no chance for a flower

to escape pollination through the agency of insects. It may, however, be pointed

out that the activity of insects is largely controlled by weather. It has been as-

certained that very few insects come out to visit flowers on cloudy days and the

few that do come out remain lethargic. A comparison of the number of hourly

visits by insects to an individual inflorescence on a cloudy and a clear day is given

below :

—

Comparison of frequency of insect visits on a clear and a cloudy day

Number of insect visitors between

Kind of weather 9 10 11 12 1 2 3 4
& & & a.m. & & & &
10 11 12 & 2 3 4 5 Total

a.m. a.m. a.m. 1 p.m,'. p.m. p.m. p.m. p.m.

Clear day 13 20 i 29
;

42 28 21 153
Cloudy day . .. A

i

2 3
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It is apparent from the above that the number of insects visiting the floweig

on a clear day is far greater than those visiting the flowers on a cloudy day
Naturally, therefore, whatever setting occurs on cloudy dajrs takes place from
natural self-pollination, the extent of which in this crop, as will be shown later,

is very little. From these facts it follows that the intervention of long spells of
cloudy, humid, or rainy weather during the flowering period of toria would decrease

the percentage of setting. It has actually been observed that the flowers opening

on a cloudy, humid day do not set into pods, with the result that, if such weather

lasts suiEciently long, considerable podless gaps appear on the fruiting branches.

It may also be noted that, unlike cotton pollen, toria, and sarson poHen grains

do not burst on coming into contact with free water and that the flowers crossed

artificially on a cloudy day set into normal pods. Therefore, the only possible

explanation is that the reduction in setting with the intervention of cloudy, humid
and rainy weather is simply the result of a reduction in the visits of pollinating

insects.

(j5) Sarson

Floral mechanism and mode of pollination.—^The floral mechanism in all brown

seeded forms of sarson, that have been under observation so far, is the same as in

oria, and hence the chances for natural self-fertilization are few. But one form

of sarson, which is yeUow-seeded and is grown to a limited extent in some parts

of the North Western district of the Province, has been found to differ in this res-

pect. In this case, the poUen-liherating sides of the anthers of the long stamens

remain towards the stigma even in a fully opened flower. These anthers at the

time of dehiscence meet over the stigma and then begin to turn away from the

stigmatic surface, each forming a sort of coil. A little before, or during this process,

some pollen drops on the stigma so that a good amount of self-fertilization can

be expected. The anthers of the short stamens do not, however, reach the stigma

and, therefore, do not appear to take any part in the process of self-pollination.

As reagrds the mode of pollination, varieties of all sarson with the exception of this

particular form, have been found to behave in the same manner as ioria. Generally

speaking, the same species of insects which visit toria flowers have been found to

visit sarson flowers also with the only difference that their relative abundance in

f>he case of crop is not usually the same as that found in the case of toria

crop. For example, in toria crop, Andrerm ilerda occupied the premier place, but

in the case of sarson where this insect is by no means an inappreciable agent in

pollination work. Apis florea is met with in such large numbers and is such a per-

sistent worker that it should be regarded as the most important pollinating agent

of sarson. The main flowering season of saw??, crop usually comes about I J to

2 months later than that of toria and it is very likely that during this interval Apis

florea finds more favourable conditions and consequently its population increases.

Further researches in this direction are being conducted in collaboration with the

Entomological Section.

0
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• (C) Self and cross-fertilization in toria and sarson

In order to explore the possibilities of the isolation of pure lines in toria and

sarson, attempts were made to secure their self-fertilized seed by enclosing plants

in mudin bags. It was repeatedly observed that in these two crops, except in the

yellow seeded form already referred to above, little setting resulted, and conse-

quently a sufdcient supply of seed from a single plant could not be obtained. Per-

centage setting under bag was determined in each of the years 1926-27 to 1931-32

(Table I).

Table I

Mestilt of setting under bag in toria and sarson for the years 1926-27 to 1931-32

Tosta Saeson

Year

Brown seeded Yellow seeded

Ko. of
flowers
bagged

No. of
pods
set

Percent-
age of
setting

No. of
flowers
bagged

No. of

pods
set

Percent-
age of
setting

No. of
flowers
bagged

No. of
pods
set

Percent-
age of
setting

1926-27 . . 3,328 282 8*4 10,855 1,773 16-3 38 38 100

1927-28 . 7,857 1,147 15-5 606 185 30-5 162 135 83*3

1928-29 . 8,062 677 8*4 1,137 263 23*1 ' —
..

1929-80 . 1,019 277 27*1 8,614 1,047 28*9 ... ...

1930-31 .
2,201 203 9*2 2,714 595 22*3 45 44 97*8

1981-32 •
1,238 266 21*4 3,200 628

1

19*6
1

'

189 178 94*2

Total or average 23,195 2,852 12 *3 22,126
1

4,491 20*3 434 895 91*0

From these figures it will be seen that on the average of six years there is a pod-

setting under bag 12-3 per cent and 20-3 per cent respectively in toria and brown-

seeded sarson. It may be pointed out, however, that the actual seed formation is

very much less than what the figures of pod setting show because the pods, which

succeed in setting inside bags, contain very much fewer seeds than the pods formed

on free-flowering plants.

With a view to determine whether the very poor setting obtained under bag

was entirely due to the floral mechanism providing few chances for pollination or to

some other causes also, and also to find out if with the aid of artificial self-pollina-

tion self-fertilized seed from individual plants could be had in quantities sufficient

to permit the isolation of pure lines, certain experiments were carried out on a

number of toria plants in the year 1927-28. For this purpose many plants were
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selected and different branches of the same plant were accorded one of the following
three treatments :

—

(a) One branch was left free-flowering, ?*.€., open to the visits of insects.

(
5

)
One branch was bagged but otherwise left tiiitouched, and

(c) One branch was bagged but freshly opened flowers were each day self-

pollinated by means of a camel hair brush. The results so obtained

(Table II) show that on the average, for every 100 flowers treated?

artificial selfing by means of hand-pollination increased the amount

of both pod-setting and seed production from 14*5 and 27 to 33*6

and 90 respectively. But these figures are far less than those obtained

from free-flowering branches, in which case 60 pods and 1,086 seeds

were formed per 100 flowers. It will also be seen that although

artificial selfing appreciably increased the pod-setting, yet there was

very little increase in the seed production per pod, as compared to

those obtained in free-flowering branches. This shows that pod-»

formation and seed-formation in toria were, in these experiments,

largely independent of each other. This is in accordance with the

results obtained by Nelson [ 1927 ] in some selfing experiments with

some other forms of the genus BraaBim,
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In these experiments some damage due to handling or some other cause occurred

to flowers, and such damaged flowers have been included in the class of failures.

Even if these damaged flowers are excluded from the above results, the average

number of normal seeds per 100 flowers in the case of the different treatments would

be as follows:

—

No. of seeds
Treatment per 100

flowers

Bagged flowers 40

Artificially selfed flowers . . , . . 186

Unbagged flowers . . . . . . . 1,269

These figures, though slightly different, are of the same order as the previous

ones and lead to the conclusion that in freshly opened flowers of toria even self-

pollination by hand does not produce an appreciable amount of seed.

In order to see whether the poor setting under bag, with or without artificial

selfing, was in some way due to the effect of bags used for enclosing the branches,

experiments were arranged to compare the following three treatments :

—

() Flowers were bagged only.

() Flowers (freshly opened) under bag were artificially selfed by hand.

(c) Flowers (freshly opened) under bag were crossed with pollen from other

toria plants.

In each set of these experiments the three different treatments were given to

three different flowering branches on each plant and the muslin bags used were in

all cases of exactly the same type and material. The results obtained (Table III)

show that artificially crossed flowers under bag give an excellent setting, immensely

greater than in the cases where setting depended on selfing alone, natural or arti-

ficial. It will again be seen that while artificial selfing appreciably increased pod-

setting, it made no increase in the production per pod of normal seeds. Crossing

under bag gives, not only, an immense improvement in setting, but the pods formed

are also much bigger and better developed (Table V), From Table V it will be seen

that ‘ selfed ^ pods have about half the length of ‘ crossed ^ pods and that the lo^

in length which results from selfing is mainly confined to the seed-bearing portion

of the pod.
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Similar experiments conducted on sarson in 1929-30 (Table IV) show that tlie

results in tbis case are also similar to tliose obtained in the case of fonci.. It will

also be seen tbat even sliglitly better pod-setting and seed-production were obtained

witb. artificial crossing than in the case of free-fipwering branches, wMcli is plau-

sible on the assumption that in the case of free-flowering branches a small

number of flowers might have been pollinated with their own pollen.
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In brown-seeded sarson sIbo, b,s in toria, pods formed as a result of crossing are

mucli bigger and contain incomparably greater number of seeds than tlie pods pro-

duced by natural or artificial selfing. Results ofexperiments bearing on these points,
both for toria and sarson, are tabulated in Table V.

Table V

Reduction which iahes place on selfing, in toria and sarson in the length of pods and
number of normal seeds

Average
No. of
normal
seeds

per pod

Sanon brown-
seeded

yellow-
seeded

These figures show that in by far the most of the cases natural or artificial selfing

in toria and brown-seeded sarson re<iuces the length of the pods to ^ to | of that

given by ‘crossed’ flowers and the number of seeds per pod to 1/12 to J/6, As
already stated, the loss of length which takes place in the pod is mainly confined

to its seed-bearing portion, affects the beak very slightly, and has practically no effect

on the pediceh

Year
Treatment of
flowering

branches

- -

Number
of flowers
treated

Average length in centimeters perpod

Entire
pod

Pedi-
cel

Seed
bearing
portion

Beak

'

1927-28 Bagged . 1,997 4 '46 1*42 2*05 0*99

Free-flowering 472 6 '84 1 '63 8 '95 1*36

1929-30 Bagged . , .
248 4'77 1*67 2 '17 0*93

Hand-selfed .
242 5 '15 1*72 2 '40 I'OS

Artificially crossed .
140 8*96 .'l*77 , 6*42 1*76

1927-28 Bagged .

..

606 5 '30 1*50 2-40 1*40

Free-flowering 145 6 *60 1*00 3 '60
,!

1*40

1929-30 Bagged . . 226 4*72 1*75 2*26 0*72

Hand-selfed . 89 5*02 1*60 2*47 0*93

Free-flowering 68 7-70 1*96 4*86 1’40

Artificially 96 8 '10 1*76 4 '90 1'45

1927-28 Bagged . .
'104 7-10 1'50 4 '10 1'60

Free-flowering 91 7 no 1*60 4*30 1'20
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From Table V it will also be seen tliat Tery little reduction of this sort takes

,

place in the yellow-seeded form of sarson. As already shown in Table I above, this

particular form of unlike brown-seeded forms, gives an exceptionally good

setting under bag due to the floral mechanism affording facilities for self-pollination.

As shown in the case of tona and brown-seeded forms of facilities for self-polli-

nation alone are not sufficient. The plant must have the quality of self-compatibi-

lity,.which quality the yellow-seeded form of sarson seems actually to possess.

(D) Effect of selffpolUnation treatment at different stages of flower development

on pod and seed setting

As already stated the different pollination treatments in the experiments re-

ferred to above were in each case given to freshly opened flowers, le., on the same

morning on which the flowers opened. Experiments were carried out both in the

case of toria and brown-seeded sarson in the years 1931-32 and 1932-33 to find ou^

the effect of self-pollinating the stigmas artificially in the flower buds and in the

open flowers of various ages. For pollination in the hud stage a number of flower

-

buds in an inflorescence were self-pollinated on a particular day, and later on the

number of flowers was counted as they opened each day. The opened flowers were

labelled daily in order to find out the time the bud was self-pollinated, before it

opened into a flower. Thus it was possible to trace out the number of days a parti-

cular flower was self-pollinated in the bud-stage before opening. In the cases where

flowers were self-pollinated certain days after opening, similar records were kept

about the days on which flowers opened and these flowers were later self-pollinated

at the required time. The results are tabulated in Table VI.



Results

of

differential

self

‘•pollination

treatment

on

pod

and

seed-setting

in

toria

and

sarson

for

theyems

1931-32

and

1932^33

POLLINATION ST0DIBS mTOMlA. ANT} SASSOS'
141

a>

03

1

6
§

si9M.og 001 lad: P9(}.9itioiBa
spaas praion jo laqranu aSBiaAf

S r-J ^
HI OO M CO 00

I-J O
H 1-T

s 1 s
° s “1

r*7
'

spaas pinioti jo laqinan iBpx
lO 00 o »o «0
t-i <o o» CO 5r

r»f t> *!3^

r*t

§ eft ^2 «

H

Pod lad I

spaas itJOTiou |o laqratin aS^jaAy

O W « lO

H O HI COH H
p O H O

,
O O 03

CO 09 <W O H H ToH

i
.5

+3

«u
^

a|
I

sj-Baa
CO t* "<#• H

H H <J?I H CiJ

H K K T-( CO CO

H H H H H H rt

uorqjod: SctriBaq-paog
O 50 0>
• • r • •

<M C<| -cH 'g H
® H ^ ^ ^ ^ •

csj eo (M <N CM CvS

laaipax ^ ^ 00 ^ ^
iH tH r-f ^ tH (NS

H H p p O
,
05 .

CM <M ' H H fid cci -H

pod aiiqna:

f 4

CO CO oO 0*0
US 00 »o 00

H CJ5 CO H Ot !>. |>
'

eo «o o to to , so

autqqas-pod jo aSisc^naoiaj
^ ^ o

«o o o t>H <© o C<l OiH

05 05 t> «£> H K tN.
• , . # # a ,
to 00 O tO to '<# to
'•sl^ CP "SO to H xH C55

painioj spod jo laqiima »0 O OO 00 oH CO l> (M 0>
H H H O 00 <M H
03 to to to «# HH

paqisaj

spaas

}. sjaxAop JO laqinnn O O CO tj* 00
j

00 0» H <35

xH, H 05 O CO H CO
'

K K OO 05 to 05 HH

nuoji

sjaAVop OOT i9d paquiTiai'Go

IBinjoa JO jaqnmn aSraaAy

H lO O CM CO P
!>• O H H 00 05
H <35 05 to <0^

H

o o CM O 05 CM fiO

K 00 to O K ‘tjtH M H '

lH

•spaas iuinjou |0 laqinnu |iS!jox

OOOHC!5CI5l>
CO <30 O 00 (M to
H «0 00 <?5 H CO^

o CO H 00 <M o
to H O 00 CO 05 CO

CM 05

1
OJ

pod jad
spaas I'BOTion jo laqrnnu aSpiaAV

! H CO H a> "th

'

1

CO O 05 to H ^
I xH p ^ O H O O

1

W 01 CO (M H 03 ^

J
I'S
0 N^ 0>
<D P4

1

CO 05 H CO H H '

H H 05 CM H H
'OCOO H ..CO O «D,

H H H H O H H

noijjod SnuBaq paag
o OO 05 CO 00 »>

'

eo •t}' 'H <W (M

CO K »0 03 CO CO

CM 03 03 (M 03 03 xj*

laoipaa
05 OO ^ IK

H H H H H H
CO <M H O 03 <35 H
H 03 03 03 03 H 03

pod 0iiqxi5C
<M to »> CO H CO

!

05 00 CO l> to I>*

K H 00 CO 03 ,<N O
^}< to U9 to to to OO

Sui'^qas-pod aS'e^Paa^afl

i CO >*1< o J> <C5 to

1 T-f K O H K K
j

W5 05 O 05 •«# <S&

«> to H p p ,01 ' H
O xH O xj< to J>
03 to K to CO <95 <55

patnioi spod JO laqnrnu i's;|Ol
O H 00 <M 00 00

. K » K «0 K H <» O 03 .K
,

to to
1 03 K CO xjt 01 -iH CO

00 <0 00 <D to O
t- 00 K H 00

1 H H x#» CO IS <95'

i.K ©3 <» OO ts .03. CO
1 H »-(

, «

1,
"8

i

' 60 « tsO

tc fl ^ «
| .

-3 a -a
w <0 5? 9
S * S' &
p< 0 O O
o

cj e g
<0 iu s *aM O S p
B A J=>

^ DO *»»

• I 1 1- 1 ! 1
fills 1

^ ® *® '*<0
’C>

tfi-’. ao 00
^

00

ll|l| i
•

1 & t 1 a • •

1° s 1 1 £
1 .S C a s 3i

III 1 a -
1 1 4 & & 4 »

! P tJ <p ts Its ® «
1 ® P ft «> S *S

1

O JS 43 ®
., «R. ®* K

? '2 4 § 2 2 1
ii 1 1 1 1 1 - I'

XV 0D 2



142 INDIAN JOURNAL OF AGEICULTDEAL SCIENCE [V, II.

The figures show that by self-pollinating a iSower hud two and three days in th.e

case oi toria and three days in the ease of brown-seeded sarson before it opens out

into a flower, quite a good pod-setting and seed-production is obtained, which com-

pares favourably with that on free flowering branches. In fact by self-pollinating

a bud three days before opening cent per cent pod setting has been obtained as com-

pared to 97 * 5 per cent and 96 • 8 per cent obtained in the case of free flowering branches

in toria and sarson respectively, so that normally self-incompatible plants become

highly self-fertile when flowers are pollinated in bud stage. Similar phenomenon

has been reported in the case of some other species of Cruciferae by Kakizaki and

Kasai [ 1933 ], who designate this phenomenon as ‘ pseudo-fertility h It may be

argued that the increase in self-fertility by bud-pollination is due to the compara-

tively smaller length of the styles in the flower-buds than that in the case of opened

flowers and, therefore, pollen tubes, which are believed to attain an insufficient

length when selflng is resorted to, are not capable of reaching the ovary and ferti.

lizing the ovules. But when further it is considered that in the above experiments

the flowers self-pollinated two or three days after the opening gave much better

pod-setting and seed production than those selfed on the same day when they opened

or one day after their opening, this assumption does not appear to hold good abso-

lutely as the styles are decidedly longer in the two or three days old flowers than

in the freshly opened or one day old flowers. Akhtar [ 1932 ] working on some Indian
Brassicae has concluded that pollen tubes grow more quickly in compatible unions
than in incompatible matings and that sterility in incompatible matings is due to

the failures ofthe pollen tubes to reach the ovules before it has lost its receptive

power. It has been shown by the investigation of Jost [ 1907 ], Martin [ 1913 ]

and Silow [ 1931 ], that self-sterility in red clover [Trifolium pratense L.), is due to
the slower growth of ' self* pollen than of foreign pollen in the styler tissue and
that this may be accounted for by an inhibiting action of that tissue. From the
results quoted above, however, it is evident that in the case of toria and brown-
seeded sarson this kind ofMbiting action in the styler tissue, is not equally effective

in flowers, of different ages. In fact it does not seem to act effectively at all when
selflng is done in buds three days before they open into flowers. It, therefore,

more likely that in the case of toria flowers this secretion is produced most
actively from one day before opening to one day after opening, while in sarson flowers
it is produced from about two days before opening to one day after opening. As
will be shown later, the fall in the pod-setting and seed production after the flower
is more than three days old is due to the fall in the receptivity of the stigma.

{M} Duration of the period of rmptmty of stigma and maUlity of pollen grains

A detailed study of the period for which the stigma remains receptive and the
po Q grams viai)l# Was eanied out ii( the years 1930-31 and 1931-32. The
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foilovriiig three different sets of artificial cross-pollination experiments in. hriu and
brown-seeded were arranged:

—

(a) Pollen from freshly opened flowers was applied to stigmas of different

ages, viz., one to six days after the opening of flowers.

(b) Stigmas of freshly opened flowers were treated with pollen grains ofTary-
iiig ages, w., one to nine days after the opening of flowers.

(c) Different combinations of pollen grains and stigmas of varying ages rang-
'

ing from one to three days after the opening of flowers were tried.

The results obtained by giving differential pollination treatment in each set

of these experiments were compared with the results obtained by applying fresh

pollen to fresh stigmas and also with those obtained from the free flowering branches

of the same plant left open to the visits of insects. From the data obtained (Table

VII) the following conclusions are drawn.

(^) Length of the period of receptivity of stigmas as shown by their being treated

with fresh pollen.—Although there was a decline in pod-setting with an advance in

the age of the stigma, yet a fair amount of setting was obtained in the case of even

four days old stigma. The percentage of pod-setting is, however, very low in the

cases of five or six days old stigma. The pod-setting and seed production was normal

in the cases where one to two days old stigmas were pollinated. In the case of

stigmas, three days old, a decline in the seed production occurred and the number

of seeds produced per pod in this case was about 3/5 and 2/3 respectively of those

obtained from the pods formed as a result of the application of fresh pollen to fresh

stigmas and from the pods formed on free flowering branches. Further, with four

days old stigmas a great fall in the number of seeds produced per pod occurred and

this fall was still greater in the case of the five and six days old stigmas, the numbe^

of seeds per pod in the latter case being only 2*3 in toria and 2*7 in brown-seeded

sarson as against 16*1 and 19*7 respectively obtained from the free flowering

branches of these crops. These results therefore, indicate that after the opening

of the flower the stigma remains fairly receptive for three days after which time

there occurs an appreciable fall in pod and seed production, so much so, that with

five days old stigmas very little pod setting and seed formation are obtained. Sepals

and petals of toria flowers are shed on the fourth or fifth day alter the opening of

the flowers. Therefore, the decrease in pod setting and seed production seems to

be associated with the withering away of sepals and petals so that the condition of

sepals and petals in toria flowers may serve as an indication of the degree of recep-

tivity of the stigma.

(ii) Length of the period of viability of pollen grains.—Quit© normal pod setting

and seed production have been obtained by treating fresh stigmas with pollen grains

of varying ages. From the results obtained it is evident that in the case of toria

sufficient number of pollen grains, to bring about normal setting and seed production,

remain viable for seven days after collection from the freshly opened flowers. In
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the case of brown-seeded aarson, however, they appear to remain viable for even a

slightly longer period.

{Hi) Stigmas and pollen grains of varying ages .—Various combinations of one to

three days old pollen grains and stigmas have shown quite normal pod setting in

almost all cases.

Considering the above results as a whole it is concluded that stigmas in loria

and sarson remain fairly receptive for at least three days after the opening of flowers

and pollen grains remain viable for at least seven days. These results have proved

very helpful in some of the breeding investigations being carried out on these crops.
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V. Breeding of improved varieties of tojiia and

(.4) Evolution of unit species

From the results of self and cross fertilization experiments mentioned above
it is natural to expect that inbreeding (self-fertilization) in toria and brown-seeded

sarson would result in loss of vigour. This has actually been observed to be the

case. The plants raised from selfed se^ed Vere usually found to be short statured

and much less vigorous than those raised from seeds obtained by crossing.

Actual determinations were made in 1031-32 with regard to the height of plants,

number of branches, and percentage of dowers that set into pods in the plants

raised from seeds obtained from selfing and crossing. The average results are

given below

.

Name of crop Seed obtained by
No. of
plants

studied

Average
height of
plants in

cm.

Average
number of
primary
branches
per plant

Average
percentage
of pod-
setting '

Toria Selfing . 50 93*4 9-4 41 •4-:.

Crossing 100. 109-4 11-3 46-7

\

Brown-seeded
1

Sel flag . 50 90*5
. 7*4 39*8

sarson Crossing 100 112-5 10*5 50; 2

!
.

Thus it is evident that the plants raised from seeds obtained by crossing attained

greater height, produced more branches, and formed greater number of pods than
those raised from selfed seed. No determinations were made as regards the size of

pods, weight of seeds and number of seeds per pod. But from a general
examination of the material it was quite apparent that in these

respects too the plants raised from seeds obtained by crossing scored over those

raised from selfed seed. Many of the seeds obtained by natural selfing did not
germinate at all.

In light of the above it will be seen that, in ifom and brown-seeded sarson,

pure lines, though they can be produced by continued (enforced) inbreeding, have,

as such no utility for the farmer. In the case of yellow-seeded sarson, however, wiiich
is self-fertile, a large number of unit species or types have been isolated from the
mixtures commonly grown in some parts of the province, some of w^hich are very
promising.

(B) Mass selection and the factors concerned

From the facts mentioned above it is clear that crossing in toria and brown-
seeded sarson is a sure means of obtaining high yields, wliich in the breeding of
improved varieties should not be excluded, Crossing should, howwer, be limited
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to certain-desirable forms, so that, some sort of group breeding or mass selection

should be resorted to in order to effect improvement in these crops. Mass selection

consists of selecting such plants as possess the desirable attributes. \ By '

following

this method considerable improvement of these two crops has already been effected ^

in the Punjab. This is borne out by the following facts regarding the work done
on toria crop. To start with, it may be noted that in the case of toria crop, the
desirable or choice plants should for various reasons possess the following attributes-

1. They should he fairly early so that growth of plants and development of
fruit may be completed before the season gets too cold and frosty. Uniformity in

maturing is essential to avoid difficulties in harvesting.

2. Habit should be profusely branching, with branches ascending so that the
form of the plant should be more or less like that of an inverted cone. Plants having

wide, open tops or those having few branches should be discarded. The former
<^ccupy too much space for the yield they give. ;

3. The branches should possess the capacity of profuse podding.

4. Pods should be long, containing hold seeds, as holder seeds contain a higher

percentage of oil. Relative weight of seeds w^ould be an indication of their boldness

and it is interesting to note that the colour of freshly harvested seeds in toria and
brown-seeded, sursow- has been found to be correlated with their weight. This corre-

lation in addition to having a commercial utility can serve a very useful purpose in

selection work. A sample of seeds of toria and brown-seeded sarson obtained from

one and the same plant usually contains two differently?' coloured types of seeds, viz:^

light brown or reddish and deep brown or blackish. A comparison between the

W'eight of these blackish and reddish seeds (Table VIII) sliow^s that red seeds weigh

less than the black seeds. On the average one hundred blackish seeds weigh about

21 per cent and 35 per cent higher in toria and sarson respectively than the reddish

seeds. This difference is probably due to the difference in nutrition as it has been

found that both in toria and sarson black or blackish seeds predominate in the basal

portions of the branches. This ptedominamee is in case of reversed towards the

rmiddle of a branch and further on, the predominance of red or reddish seeds becomes

greater and greater until at the top there are about 3 of them to 1 of black or blackish

seeds. But, in it goes along way up and it is only at the tip that it suffers a

diminution. During the year 1932-33 there was frost during the seed development

period of toria and development of seeds was consequently adversely affected. It was

found that the produce contained an exceptionally large number of reddish seeds

This fact also lends support to the assumption that development of colouration is

associated with nutrition. A point of still greater interest from the breeder’s point

of view is the fact that the toria plants raised from blackish seeds have been found to

grow taller, beax more pods, yield comparatively heavier seeds and give a higher

yield per plant than those raised from the reddish seeds.
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Table VIII

OompariTig tJie weight of blach and red seeds :‘fi tons, and sarson, 1927-28

Toria Sarson

Plant No*
Weight in grams per 100 seeds Weight in grams per 100 seeds

Difference Difference

Black Bed in favour Black Red in favour
of black of black
seeds seeds

1 , . . 0-340 0-262 0*078 0*567 0-378 0.180

2 .
0‘347 0-330 0-017 0-471 0*352 0.119

3 • • • 0-445 0-365 0*080 0-366 0-295 0.071

4 • « • 0-331 0-215 0-116 0-357 0-295 0-062

. 0-365 0-310 0-045 0*416 0-301 0-115

6 *
0-370 0-265 0-105 0*427 0*332 0-095

7 * • • ' 0-351 0-317 0-034 0-397 0*269 1 0-128

8 • . • 0-330 0-295 0-035 0-414 0*295 0-119

9 .
0-367 0-315 0-052

'

0-383 0*299 0-084

Average

.

In terms of

. 0-359 0-297 0-062 0-422 0-313 0-109

100 . 121 100 21 135 100 35

Determmations made in 1931-32

follows:

—

with regard to these characteristics are as

Average
height

per plant
in cm*

Average
No. of
primary
branches

1

'

Average
No. of
pods per
plant

Average
weight of
100 seeds

1

in grms. !

Avera^
yield per
plant in

grms.
1.

168 11 846 0-235

!

.

33-56

163

i

11 735 0-220 26-44

Progeny of

Blackiati seeds

No. of

plants
studied

100

100Reddish seeds
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TIiiis it is apparent that the plants raised from the blackish seeds give about

27 per cent more yield per plant than those raised from reddish seeds. Selection

of plants on the basis of high percentage of blackish seeds would therefore be a

decided advantage.

It may also be mentioned that the yield per plant in toria has been found to
be more or less positively correlated with the number of primary branches, length

of podsj and weight of 1000 seeds. The correlation worked out from the data

obtained in the year 1932-33 are as follows

Characters related

No. of pairs

of values

used

1

B±P. E. Correlations

Fo. of primary branches and
yield per plant

190 -r0*63 + 0-029 Very high, positive,

significant

Length of pods and yield per
plant

181 0*39i0-042 :

High, positive, sig-

nificant

Weight of 1000 seeds and yield
per plant

147 ±0*18±0*054

j

Low, positive, not
significant

Considering the various results quoted above, it is evident that in order to

obtain high yielding selections profusely branched plants with longer pods and

comparatively bold seeds, majority of the seeds being blackish in colour, should b^

selected. On the basis of these considerations the selection work on toria and sarson

crops has been carried out in the Punjab during the past several years and the

selected strains have invariably been giving one to two maunds more yield per acre

than the unselected strain.

(C) Hybridization

A number of intercrosses were attempted between toria and sarsm and

between them and some other Brassicae. The results of some of the earlier

studies [Ali Mohammad, Singh and Alam, 1931] showed that the dijfferent

species of the genus Brassicae referred to above crossed readily with one another

and the pods and seeds formed as a result of these crosses were quite normal as

compared with pods and seeds formed on free flowering branches of the seed parent

in each case. The investigations on these crosses have to be continued further

for a number of years before any definite conclusions can be drawn. Reference

is, however, made to a few important points which have come to light as a result

of some of these studies S'dded greatly to the results of the pollination

studies referred to above, in so far as the improvement of the two crops under
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consideration, viz., toria and sarson, is concerned. From tlie results of the

various pollination experiments it has already been pointed out that the common
brown-seeded - forms of toria and sarson are high self-sterile giving very poor setting

under bag and are extensively cross pollinated in nature, depending almost entirely

on insects for their pollination. Yellow-seeded form of sarson, on the other hand, is

self-fertile, giving, very good setting under bag. The yellow-seeded form of

SWTson has been intercrossed reciprocally with both toria and brown-seeded form of

sarson in order to evolve strains which in addition to possessing all the desirable

characteristics of toria and brown-seeded sarson should have the invaluable merit

of being self-fertile like the yellow-sedded sarson. These studies are being pursued

further but from the results so far achieved it is evident that self-fertility behaves

as an .inherited character independent of colour of seed and it has been found' possible

to obtain self-compatible plants having brown seeds like the common forms ofiom
and sarson. Therefore, the former idea that there is a close association between

self-fertility and yellowness of seeds should be abandoned. The investigations into

the various aspects of the problem connected with the inheritance of characters

will form the subject for discussion in a separate paper but a special point of practical

interest which has come to light as a result of these hybridization studies is the

possibility of introducing self-fertility into the brown-seeded forms of toria and
sarson referred to above. This would give a decided advantage as the self-fertile

strains would not depend on insects for their pollination and therefore, the periodic

failure of these crops due to insufficiency of insect visitors would entirely vanish*

The evolution of highly improved types of plants involves the study of several other

plant characteristics about the inheritance of which nothing definite can yet be

stated. The line of work being followed is very hopeful, but the success will depend
on how far the plants raised in the future generations show combinations of various

valuable and economic characteristics. There is no reason to doubt that as a result

of these studies, there is a great possibility of the production of entirely new forms

of toria and sarson superior to those now in existence, but the evolution of sucb

highly improved strains is a matter of gradual selection by a series of steps. It is

particularly note-worthy that as a result of the studies referred to above in this paper,

abundant material has now become available which is sure to yield results of far

greater value than those already obtained.

VI. SUMMABY

1. Toria and sarson, for which the botanical names na^pus L. var.

dichotoma Prain, and Brassica campestris L. Ya,r. sarson Prain, have been used in

this paper on the authority of Prain, are by far the most important oilseed plants

of the Punjab.

2. In both of them, the floral mechanism is such that it provides few chances

for natural selfing. tinder bags they are shy seed-setters. On an average of six

years, only 12*3 and 20*3 per cent, respectively, of toria and flowers formed
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pods under sucli conditions and many of these pods were pods in name only with their

seed bearing portions greatly reduced.

3. Yields of toria are adversely affected, if there occur in November long spells

of cloudy, humid,
.
rainy weather. This is due to the fact that insects do not come

out on such days to pollinate the flowers. Andrena ilerda^ Apis florea^ and Halidm
sp, are the chief insect pollinators of toria and sarson,

4. Artificial selfing in toria and brown-seeded by hand-pollination,

at the time when flowers open, though it hardly increased the number of normal

seeds per pod, makes some increase in the number of pods set. This increased pro-

duction remains far short, however, of that on the free-flowering branches open to

the visits of insects.

5. From crossing under bag and getting even a better setting than on free

flowering hraiiehes, combined with, the fact that artificial selfing does not improve

matters much, it is concluded that the high amount of self-sterility prevailing I n

these two plants is not due to external causes alone, but due to internal ones (self

incompatibility) also.
*

6. By self-pollinating a flower-bud two and three days, in the case of toria and

three days in the case of brown-seeded sarson, before it opens out into a flower, quite

a good pod-setting and seed production is obtained which compares favourably

with that on free flowering branches.

7. Flowers self-pollmated two or three days after opening gave much better

pod-setting and seed production than those selfed on the same day when flowers

opened or a day after their opening.

8. The probable cause of self-sterility, as so far known., is the slow growth of
* self ’ pollen than of foreign pollen in the stylar tissue which is accounted for by an

inhibiting action of that tissue. From the observations made it is argued that

in toria and sarson this kind of inhibiting action is not equally effective in flowers of

different ages and it appears more likely that in these plants this inhibiting action

may be due mainly to the effect of a certain secretion produced actively in the stylar

tissue between one to two days before and after the opening of the flowers.

9. Pollen grains in toria and sarson remain viable for at least 7 days after

collection from the freshly opened flowers and the stigmas remain receptive for 3

days after the opening of flowers.

10. In both toria and sarson reddish coloured seeds weigh less than blackish

coloured seeds. In the case of toria, number of primary branches, length of pods and

weight of seeds have been found to be more or less positively correlated with yield

per plant. .

'

- ’

11. Owing to loss of vigour in toria and brown-seeded sarson by inbreeding, pure

lines have no direct economic utility. To obtain improved varie ties some sort of

group breeding must be resorted to and considerable improvement has already been

achieved by ‘mass selection*
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12, As a result of the hybridization studies in toria and sarson self-fertility is

found to behave as an inherited character independent of colour of seed and self-

compatible brown-seeded plants have been evolved. Abundant material has

become available which shows the possibility of evolving entirely new self-compatible

forms of iofia and superior to those now in existence.,
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A small number of plants with branched earheads were observed in 1931-32

in the Eg population of a cross between Chevalier (2-rowed) and Fusa Type 21 (6-

rowed) barleys. The branching was invariably restricted to the lower half of the

ear and only a few ears and not all exhibited this peculiarity in each plant. Plat© X
depicts a branched earhead as well as a normal unbranched ear from one and the

same plant.

Branched ears of barley occur but very rarely in nature and indeed only a

very few references exist about this phonomenon. In 1910 Tschemudc recorded a

case of inheritance of branched ears in barley and foiincl that segregation for this

character was on a monohybrid basis, the branched ear typo boiiig the recessive

phenotype. Schneider [1913] described a new form of barley, wMcli appeared in

Posen in 1902, the chief feature of which was branching of the spikes—a oharae-

teristio which proved to be transmitted with constancy. Altlioiigli this type of

barley had a somewhat higher yielding capacity than ordinary varieties, the quality

was said to be decidedly inferior. Schneider has also given a few interesting

references some of which are quoted below,

* ‘ In 1671 a note was published mentioning the fact that a branched ear of barley

which consisted of 15 larger and 9 smaller sized ears was found in 1637 in the coun-

try of Glatz in SEesia on a field which for a long time had been uncultivated, it

was brought to the Emperor and engraved in stone*', Koemicke [1882] and

Wittmack [1871] have also studied the peculiar appearance of branched ears.

The latter holds that branching is not only caused by specially rich conditions^ of

soil but partly also by abnormal weather conditions—great moisture in the spring

or cold in the preceding winter. Koemicke, on the other hand, thinl^^s that the

influence of moisture and cold is not great, otherwise rye in the north would shew

a 'luor©' frequent occurrence of branched ears. He believes it possible however

that an unfavourable winter, in which the plants are partly frozen, may cause a

lirmchiiig of the eaxs.
.

.

'

.

( ,166 ) ,

'
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Rimpaii [1899] found an individual plant with branched ears among 2-rowed

barleys and made the type constant by selection {Lander. JaJirh. 1891 j D. L. Pr*

1899. Nr. 79). A breeding experiment with branched barley with the intention

of creating a marketable product was undertaken in 1900 at the Seed Breeding

Institute, Aderstedt and is mentioned in an article by Hoffmann of Lichinia' (in

D L. Pr. 1903, Nr. 3, page 17). The original material was a branched individual

plant belonging to a two-rowed drooping barley. It was assumed that it arose

as a spontaneous vacation. Herr Antsrat Wessling in Westeregeln bred a Chevalier

barley which had a branched form (Fig. in Schonfeld, Brangersten in Bilde

Verlag Paul Parey, Berlin). Scimeider also reported the appearance of branched

ears frequently in Goldtiiorpe barley and once in Groninger winter barley but

believed that the character was not constant.

On the cause of the occurrence of branched ears the views of different people

vary considerably luit the phenomenon is mostly attributed to external influences.

As mentioned above Koernicke and Wittmack assigned the change to soil and

weather conditions, Kuhn of Haile (D. L. Pr. 1899, Nr. 79) believed in the influence

of bacteria, while Eimpau assumed spontaneous variations. Hoffmann of Lichinia

(D. L, Pr. 1903, Nr. 3) observed the branching during transformation of summer

into wmiter forms. Tschermak [1910] holds that the branching of the ears occurs

after previous hybridization and that wheat-rye hybrids show occasional luxuriant

forms. Blaringheni [Siehe Fruwirth Zucht. Lander. Kultur pfl
; 4, 293] has suc-

ceeded in inducing branching of the axis by ' wounding b

In wheat, branched ears have been recorded by many workers. Meiinissiej'

[1918] and Tschermak [1923] believed that the normal condition was dominant

to the branched ear of turgidum, and that in Fg monohyhrid type of segregation

occurred. Nilssoii-Leissner [1925] found some plants with branched ears among

spelta individuals from the cto&b spelta Xvnlgare, the branched condition being

recessive but dependent on several multiple genes. Biffen [1916] found branched

ears among the offspring of the cross with normal types in polonicumxvulgare.

Similarly Kezer and Boyack [1918] recorded branched ears in a cross between

vulgareX dicoccum whed^ts.

Branched ears have also been observed in maize by Collins [1917] and by

Kempton [1923] who reported that the character seemed to be recessive to the normal

type of ear.

It is the purpose of this paper to describe the mode of inheritance of branched

ears that has been observed at Pusa in a cross between Chevalier and Pusa Type

21 barleys.

MaTEBIAE ANB METH^^

Chevalier barley was imported from England in 1927 and Type 21 was evolved

by selection at Pusa in 1925 [Bose, 1931], Since then both these types have been

grown annually during the Rabi se^Bons, viz,, during the period October to March?
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blit not a single' eariiead with branched ears has iixito now bocii ol)soryefl in them.

The cross between these two types was made in 1929-SO in order to study the in-

heritance of some characters in an interspecific cross between a 2-rowed (ClievaHor)

and a 6-rowed (Piisa Type 21) barley. Only two plants could 1)0 raised in the

following year but neither of them, showed any trace of this almormality. When
the Pg generation of this cross was grown, in 1931-32 it w^as observed for the first

time that 21 plants in a total population of 374 sliow'ecl some t^iniieads with a

branched nature. The extent of branching in individiiai ears varied considerably

,

three to five branch,es per ear being observed very frequently.

All the plants with branched ears invariably had naiTo\? and lax. earh,eads

with very poorly - developed grains. A good deal of sterility also occurred ,iii most
cases and the hybrids exhibiting this phenomenon appeared to be neither good for

quality nor for producing good yields. The only importance of these branched

eax types, therefore, lies in the.ir academic value, and they are not expected to yield

results of any economic importance.

Eg Genebation

The Fg progeny, along with the parental types, was grown in a field of average

fertility. The distance between individual plants was one foot within and about

three feet between the rows. The genetic study of the inlieritance of characters

such as fertility of the lateral spikelet, colour of the leaf-sbeath and in the auricle,

maturity, etc., will form the subject of another conuBunicatiori. The present paper

is limited simply to the inheritance^ of branched ears. Segregation in Fg was as

follows
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Therefore the fit betweeB observed and expected frequencies was very close

and indicated that duplicate factors were responsible for the inheritance of branched

ears in this barley cross.

Eg Gbnebation

Thirty-four families of this cross were studied in the Eg generation for this

character. Three Eg plants with branched earheads and thirty-one with norma]

ears were selected for this purpose. ’ The progeny of the plants with branched ears

bred trae for this character and thus proved the recessive nature of this phenotype.

Of the remaining 31 families, 17 gave families of from 61 to 84 plants all with norma]

unbraiiclied ears, while 7 families gave approximately 15 normal : 1 branched and

7 gave approximately 8 normal : 1 branched. On a duplicate factor hypothesis

the three types should have occurred in the proportions 14*46 : 8*27 ; 8*27, Expec-

tation was therefore closely realised. The behaviour of the Eg families is shown
below :

—

Table I

Eg breeding hehaviour for (he inheritance of branched earheads

No. of Nature of Eg
No. OF FAMILIES

families parent behaviour

Observed Expected

31 Normal imbranched
earn

Pure * • •

Segregating—
i

14-46

3:1 . 7 8*27

15:1 . * / 7 8-27

3 Branched ears . Pure 3 S'

It will be noted that the discrepancy between the observed and expected
numbers of families is not great. Table II shows the frequencies of normal and
branched earheads in segregatmg Eg families.
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Tabi,® II

^3 fTequencies for nomud and branched earheads

159

Family

No. OF PLANTS
WITH

Normal Brancbed|
ears earn

1

Total
number

of

plants

!

j

p

ffamUies segregating on 3 :1—

'

I

1

j

i

]

:

G. 1-58 . . • 64 ! 18 82
'

I

0*41 '0-6

G. 1-129 . . * 38 16 63 0‘31 0*6

G. 2-19 • * • 48 13 61 0-44 0*6

G, 2-51 . * 67 17 74 0-16 0*7

G. 2-63 . • 63 17 70 0*02 0*9

G. 2-61 . • •

i

61 14 66 0*42 0-6

G. 2-160 . . •
!

j

L
64 20 74 0-16 0*7

Total • 366 114 479 0-37 0*6

7families segregating on 15 : 1—

G. 1-110 . • . 61 2 63 0*56 ,0*5

G. 1-120 . « • • 73
j

4 77 0*16 0*§

G. 1-166 . 66 3 69 0*14 0*9

G. 2-30 . 68 6 63 0*31 0*6

G. 2-76 . 66 4 60 0*02 0*9

G. 2-146 . 63 4 67 0*01 0»9

G. 2-165 . . 63 3 66 0*33 0*6

Total • i

1

i

420 26 446 0*30 0*6
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From the foregoing it maybe concluded that the Eg studies confirm, the Fg

hypothesis that duplicate factors are responsible for the inheritance of branched

earheads in this cross of Chevalier x Pusa Type 21 barley.

E4 Geneeatiok

In 1933-34 thirteen families of this cross were grown for the study of the P^

generation. Six plants with normal ears from Eg families breeding true for normal

ears gave families of from 83 to 147 plants, all with normal ears. Two plants with

branched ears from Eg families breeding true for branched ears gave families of

146 and 150 plants, all with branched ears. Five plants with normal ears from

segregating Eg families, segregated in E3 ,
and also in E4 . Details are given %

Table III.

- ‘

Table III

frequencies for normal and branched earheads

Family

!

1

•Cl 1

Eg segre-
1

No. OF RLANTS
WITH Total

number
1

P
gation

Normal
ears

j

1

Branched
ears

of
plants

G. 1-58-33 . 3 : 1

!

140
iI

40
1

180
1

0-74 0*4

G. 1-68-91 . . . 3 : 1 104
1

37 141 0-12 0-7

6. 2-166-60 . 15 : 1 102
I

^ 107 0-45
:

0-5

G. 2-165-49 . 15 : 1 91
1

« 99 0-57 0-5

G. 2-146-86 . .

.j
15 : 1 125 i

!i

130 1-28 0-3

This study proves once more that duplicate factors only were responsible for
the inheritance of branched earheads in the cross under consideration. -

Relation of febthjty with the branched tyre of ear
^

Chevalier barley belongs to the two-rowed species Hordeum distichon L. while
Pt»a Type 21 is a sfic-rowed type belonging to the species B . vtilqare K The two



ST0DIES m INDIAN BAlDEf8 lii

forms therefore clifier in the nature of the fertility of tlie lateral spikelets. The
lateral spikelets in the two-rowed barleys reinaiii abortive and. thus there are only

two rows of grains developing from the central spilvelets. The lateral spikelets in

the 6-rowed barleys, on the other handy are fully fertile giving rise therefore to

six rows of grains in the ear. When these two barleys are crossed., the plants show

an intermediate type of fertility and the segregation is on a monohybrid basis.

That the character of branched earheads in barley in this cross segregated indepen-

dently of the factors responsible for the nature of fertility of the lateral spikelets

was brought out by the occurrence of this phenomenon in. all phenotypes for ferti-

lity in the Eg generation. Thus of the 21 plants which exhibited this character

of branched' ears in Eg, six plants had ears of the 2-rowed type,, four plants had ears

of the 6-rowed tj'pe and the 'remaining eleven plants had ears of the
,

Intermediate

type of fertility. This relation is shown in Table IV.

Table IV

Eelatioyi offertility tvith the branched ty^e of earhead in

Cross

2-roweb
;

Intermediate 6-ROWED

Total.
Normal Bra nch-

ed
Nonnal Branch-

ed
Normal Branch-

ed

G. 1 ... 51 4 88

'

6 46 2 197

G, 2 . . . 39 2 91 5 45
^

2

I

184

Total observed 90

i

^

'

i

6

i

1

179 11 91
1

4' ' 381

Ejtpeeted
1

89.30 6.95 178.00 11.90
i

1

’

^ 89.30 5.95 -

- 0 , 8S06 P—Between 0 . 95 and 0 . 98

The fit between observed and expected ratios on the basis of independent

segregation is quite close. Tlie fertility character segregates on a 1:2 :I ratio

while the op-rhead character shows a segregation on a 15 : 1 basis. This is further

confirmed by the behaviour of the segregating families in Fg as shown in Table V.
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Relation offertility with the branched type of earhead in F

2-bowiii> Intermediate

icj-

tion i

Family for Normal Branch- Normal Branch-
;

Normal Branch- Total
earhead ed ed

|

' ed
character i

15:1Q. 1-110

15:1a 1-120

15:1G. 1-165

15:1G. 2-SO

15:1a 2-75

15:1G, 2-140

15:1G. 2-165

Total observed 107 214 445

Expected 104.25 6.95 208.50 13.90 104.25 6.95

x8 = 2.3321 P=0.80 neaiiv

G. 1-58

a. 1-129

0. 2-19

G. 2-51

Q. 2-53

G. 2-61

G. 2-160

Total observed

Expected i 89.82
| 29.

= 1-1279 betwe^ 0 . 95 and 0 . 98
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BlSOUSSIOH OF EBSULTS

From the results of the foregoing studies it may be concluded that the produc-

tion of branched earheads. in this cross of barley depends on the interaction of

duplicate factors and that the branched ear phenotype acts as the double recessive.

Type 21 barley has never been observed to throw out any branched earheads

and neither has the strain of Chevalier barley grown at Pusa for' a number of years,

but Herr Antsrat Wessiing (page 156) bred a Chevalier barley having a branched

form.

In the present case let NiNj be a factor which produces normal development

of the barley ear and let Ng N 2 be another factor which operates in the same

way as Nj The complete absence of both and Ng therefore produce

branched earheads. The genetic interpretation of this cross may he shown in the

Punnet-square given below :

—

P,

Gametes

V
NiN.

N 1B2

HiNa

E1B2

NxNin2n2 X niUiNglg

(Olievalier) (Pasa T. 21)

Normal ; rmal

(Piliybrids)

Normal

NiNa Niiij HiN, QiH,

HiNxNsHa NiNiNans NiDiNsiN, HiBiHaBa

1:0 1 : 0 1:0 16 ; 1

NxNxMaEa HiNxn2ii2 liBiNsBa
'

HxBia2Ba

Is 0 1:0
;

15 : 1

i

3; I

2U2 NiB x^iiB2
1

BxBiHaBi

1 :0 16; 1 1 : 0
1

,3:1
1

HxnxH2n2 N iBxB 2B 2 B 1B1H 2B2 ]
: BiBinallt ,

16:1 3 : 1 3:1 1 0:1 ,

It will be apparent from the above that only one-sixteenth of the population

with the genotypic constitution will breed true for branched earheads

;

a
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four-sixteentlis with the genotypic constitution of wdU segregate on a
15 ; 1 basis

;
four-sixteenth with either or will segregate on a

3 : 1 basis, while all the other genotypes will bear normal, unbranehed ears. All
the expected genotypes have been realized in the cross under consideration.

As has been mentioned in the introductory chapter of this paper, the branching
character was invariably restricted to the lower half of the ear and only a few ears
and not aU exhibited this peculiarity in each plant. If the genetic constitution of
the plants producing branched earheads was such as to favour the development
of branched ears alone, it may reasonably be argued as to why some ears only and
not aU should develop this characteristic. The diflFerence between normal and
branched ears in the same plant may possibly be attributed to differences in metabo
lism or to cytological disturbance at the growing point. In this connection it may
be pointed out that Kempton [1923] observed in maize that the variability in branch-
ing cannot be attributed to the influence of hereditary modifying factors and must
be considered as a phenomenon of expression rather than of transmission This
author impresses the view that the mode of inheritance of branched ears is charac-
teristic of a large class of characters which seem so dehcately balanced as to require
some special conditions in ontogeny for complete expression and that internal
developmental factors, quite aside from external influences, play a large part in the
expression of structural characters. It may be acknowledged, however, that the
absolute reason why all ears in the same plant do not develop this character of
branched ears is a matter worth further investigation, and it is proposed in the
future to study the matter from a cytological standpoint.

SUMMABY

The inheritance of branched ears in barley was observed to depend on dupli
cate factors in a cross between Chevalier (2-rowed) and Pusa Type 21 (6-rowedl
barleys. Neither the parents nor the Pj showed this characteristic which made
its appearance only in and the succeeding generations. The factors for branched
ears segregated mdependently of the factors responsible for the inheritance of ferti
iity of tke earhead.
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I, lOTROBTTOnOK

The Ottawa Trade Agreement has secured for India a preference of ten per cent *

on the imports of Indian groundnut into the United Kingdom. The area under

groundnut in West Africa has been increasing for the past ten years as a result of

which competition between the West African and the Indian groundnut is getting

keener.

Both the Empire Marketing Board and the Indian Trade Commissioner have

drawn attention to the necessity of improving the quality of the Indian ground-

nut, particularly that of Madras. In point of view of quality the Indian ground-

nut must contain more of oil and less of free fatty acid than it does at present. The

Empire Marketing Board has investigated the free fatty acid content of the samples

of Indian groundnuts collected from the shipments to Europe during the two months,

December 1926 and January 1927, A summary of the results of the investigations

of the Empire Marketing Board is given in Table I.

(165 )
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Table I

[V. li.

Free fatty acid content of Indian groundnut kernels cm arrival at European porta

Ports of shipment

December 1926 shipments'^ January 1927 shipments*^

Average
free fatty

acid

content
per cent

Range of
free fatty

acid

content
per cent

Average
free fatty

acid

content
per cent

I

Range of
free fatty

acid

content
per cent

Madras (a) . 4-21 1-09—9-06 4*13 1-0—10-2

Pondicherry (a) . » • 2-62 1-83—3-82 4*10 1-4— 8-7

Vizagapatam (a) , 2-55 0- 96—2-86 3*00 1-8— 3-2

Bimlipatam (a) . . . 1*70 0-90—3-16

Coconada (a) 0*98 0-93—1-08

Cuddalore (a) . • .

:

'

' !

9-32
i

7-9—11-1

ISTegapatam (a) . » ••
i .

••
:

8-44
1 5-0—11-6

Bombay (a) • . • . 1-32 0-66—2-26 1*56 0-9— 2-2

Minmagoa (a) . . . 1-87 0-99—2-22 1*42 0-7— 2-6

Calicut (a) . . . 7-94 3-60—12-25 5*00 1 3-8— 6-5

Bombay (6) . . 0*83 0-48—1-77
1

i

1*33 0-7— 3-0

Murmagoa (c) . « • 2*26
j

0-93—3-09
i

I

1*77
1

i

i

1-6— 1-9

i

{a) Groundnut from Madras

(6) Groundnut from Bombay
(c) Groundnut from Elhandesh

* The stiipmonts in December 1926 and January 1927 amounted to 33,750 tons
and 49,700 tons, resxjectively.

The Indian Trade Commissioner, London, remarks “ If you take the Madras
kernels as containing on an average four per cent of free fatty acids, you have a
charge of about £2-10 per ton of oil for extraction and a loss of £14 in the sale of free

fatty acids, as compared with the price obtained from the refined oil. Taking
Madras exports at 300,000 tons of kernels annually, the cost of extracting free fatty

acid amounts to about £300,000 and the loss compared with refined oil adds another

£84r,000 making nearly £400,000 lost in aU
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An investigation into the causes which affect the quality of .groimdiint was
therefore, taken up. The present investigation deals with the rate of oil formation

in groundnut and the effect of early harvest on the quality of the produce. The
effect of storing damp or moist kernels is under investigation and will form the sub-

ject of a separate paper.

II. Matekials

"The groundnut is- a self-fertilized crop. The flower buds which are in the calyx

in the evening, emerge by degrees and in the early morning the anthers burst and

pollinate the stigma. I'ertilization is complete before midday is past
; the flower

^ droops in the evening and withers completely in three days. The stalk of the ovary

elongates and the gyiiophore is visible in about five to seven days after fertilization*

The geotropMo g3mophore, with the ovary, at its tip pierces the ground to a depth of

'two to five centimetres, and the ovary which has remained dormant till then begins

to develop. This process requires two or three weeks after the opening of the flower,

depending upon the position of the flower in the axis. For complete development of

pod, it takes about sixty days from the time of fertilization.

A bunch groundnut of the Spanish t3rpe, locally known as Gudiyattam bunchy

was utilized in the present investigation. About 10,000 flowers were marked by

wire wickets. To mark the flowers blossoming on different dates, differently coloured

wickets were used. After the ' pegs
'
(gynophora) began to appear, the threads

which were tied to the flower were transferred to the respective gynophores. As the

number of pegs that could be marked in this way was small and as the maximum
percentage of fertilization was only forty-two, pegs showing similar state of develop-

ment were also tagged to provide requisite material of uniform development. It

was soon discovered that the kernels obtained from the flowers which opened on

the same day were not uniform in their development since the pegs which develop-

ed nearer the ground entered the earth earlier and therefore produced kernels of

relatively greater maturity. It was, therefore, found necessary to select those kernels

which exhibited the same degree of maturity from the material harvested at

various intervals.

The pods were harvested for the first time on the twenty-fifth day after

flowering and the harvests were continued at intervals of a week up to the

sixtieth day after flowering. Corresponding to these six harvests, six distinct

stages in the development of the pods were obtained. A brief description of

each of these six stages is given below :

Stage 1.—^Pods obtained on the twenty-fifth day after flowering have a size

of 0*5 to 1‘5 cm. Shell is very fleshy and contains plenty of

moisture. Kernels 2 to 3 mm. long are embedded in the fleshy mass.
** Beak-end kernel has not yet been formed.
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Stage 2.—^Pods on the thirty-second day after flowering are 0-75 to '2 cm,

long but the shell is still fleshy. The kernels of one-seeded pod mea-
sure about 0-75 cm. in length. The ''beak-end’^ kernel has just

developed.

Stage 3,—^Pods on the thirty-ninth day after flowering measure 1 to 2 cm,

in length. The stalk-end ’’ portion of the shell is no longer fleshy

but the beak-end ” portion is still fleshly. Kernels show traces of

pigmentation. The stalk-end ” kernel in the two-kemelled pods

isO'75 to 1 cm. in length. The beak-end ’’ kernels are 0*3 to

0*5 cm, in length.

Stage 4.—^Pods harvested on the forty-sixth day are from 1 to 2*5 cm. in

length. Air space is observed between the kernel and the shell.

Shells show papery lining. Beak-end ” kernels show traces of

pigmentation and they have developed up to a length of 0*75 cm.

Stage 5.—Pods on the fifty-third day after flowering have developed up to

1 to 3 cm. in length. The air space between the shell and the kernels

is increased. The white papery lining gradually disappears. The
pigment on the kernel is marked.

Stage 6.—‘The lining of the shells of pods on the sixtieth day after flowering

is discoloured. Kernels have hardened and the pigmentation on

the testa is intensified.

The pods were removed to the laboratory immediately after harvest and
washed and were dried by gently rolling them in a blotting paper.

in. Shelling percentage

The pods were shelled and the shelling percentages were determined for fresh

materials before drying. The shelling percentage is expressed as the weight of

kernels when the weight of the whole pods is taken as hundred.

Prom Table 11 where the shelling percentages for various stages of development

are given, it is clear that the kernel develpes most rapidly between the thirty-nin \ h
and forty-sixth day after flowering. Before and after that period the rate of increase

in the shelling percentage is comparatively slow (Fig. 1),

Table II

Shelling percentages at various stages

Stage . . . .
;

:/
' ^

I

3 : y :
'

^ 4 v '^

: 6 6

No. of days after flowering .

' 32 39
1

,

46 53 60

Shellmg percentage . .
;

17*3 14*9 66-3 72*9. ^
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Shelling t’efcentage

Fi 5. 1 . Slialiing peroeritage

IV, MoiSTUEE COKTBHtI

The moisture content of shells and kernels was determined by drying the samples

in an oven at 98°0, in partial vacuum.. This method does not give an indication of

the absolute moisture content but it gives sufficient information to enable relative

comparison.

In Table III the percentage of moisture in shells and kernels at various stages

of the development are shown. It is observed that, in all the stages, the moisture

content is higher in shells than in kernels. This indicates that a moisture gradient

exists between the shells and the kernels, and that the transfer of moisture from the

shells to kernels goes on throughout the development of the pod. The moisture

content of both the shells and the kernels gets reduced as the pods mature (Fig. 1).

That even mature kernels contain as high as thirty-three per cent, moisture is a fact

which should not ba lost sight' of,

nS.
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Table III

Percentage of moisture at various stages

Stage . • * 2 3 4 5
r

' ^

No. of days after flowering . 32 39 i 46 . 53
1

60

Moisture in shells 80-4 ' 79-4 66-1 63*2
1

48*1

Moisture in kernels . 76-2 75-5
'

65*0 53-9
1

33-9'

V. Oil CONTENT

Tke oil content was determined for botli the fresh and dried kernels. For

the latter the material obtained after determining the moisture content was uti.

lized. The oil was extracted with petroleum ether, using glass soxhlet apparatus

and fat-free thimbles. The first extraction was taken to have been complete after

the ether had been siphoned seven times. After completely drying the thimble

containing the material, in an oven, the partially extracted material was re-ground

and re-extracted until six siphonings were complete. The process was throughout

controlled by
:
duplicate samples.

It is evident from Table IV that the synthesis of oil goes on continuously and

that both in the beginning and the end it is rather slow. The most rapid accu-

mulation of the oil takes place during the fortnight commencing with the thirty-

second day after flowering (Fig. 2).

Table IV

Percentage of oil in Tcemeh at various stages

Stage 1 2 3 4 5 6

No. of days after floweiing . 25
t

[

1

32 39 46 63 60

Oil in fresh kernels

1

0-35 3*58 6- 87 8- 35.' 19-75 30-94

Oil in dried kernels . * 4*27 12-31 23-48 38-28 43*86 .48-„61

Rate ofincrease in oilper week
V-

8-04 1M7 14-80, :'v'-5-58 .

; ;4-65:
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VI. AcidvaIiTte

[V, «.in

To the flask containing oil extracted from the fresh sample, about 20 c.c. neutral

95 per cent, alcohol were added, and the flask immersed in a water-bath and agitated

at intervals so as to dissolve the free fatty acids completely. The hot fluid was

titrated with N/IO sodium hydroxide using phenolphthalein as indicator. The results

have been expressed as percentage of oleic acid in 100 grms. of oil taking one c.c. of

N/IO sodium hydroxide as equal to 0*028 grm. of oleic acid.

In Table V the acid value of oil at various stages of development of the seed

is given. The figures show that the percentage of free fatty acid decreases as the

seed matures. This reduction of the free fatty acid is more rapid during the twenty-

fifth and thirty-ninth day after flowering (Fig, 2).

Table V

Free fatty acid content in hemeU

Stage. . . . .
'' l' 2

i

,

3 4 1 5

j

6

No. of days after flowering . 25 32
ji

39 46 53
1

60

Acid value expressed as oleic i

acid

51.45 26.62 14.72
1

9.87 6.28
i

5.07

1

Reduction in the acid value !

per week i

24.83 11.90 4.85 3.59

j

1.21

VII. Discussion

Eyre [ 1931 ]
has shown, in the case of linseed, that the oil accumulates rapidly

during the early stages of the development of the seed after which further increase

is comparatively slight. In the ease of groundnut, however, the accumulation of

the oil in the seed is rather slow both in the initial and the final stages of the deve-

lopment of the seed. Sahasrabuddhe and Kale’s [ 1933 ] investigations on niger

seed show : {a) that the formation of oil is most rapid in the early stages, (6) that

the oil is formed from carbohydrates which are converted into free fatty acids by

some enzymes, and (c) that the oil is transformed from the accumulated free fatty

acids by enzymes.

The results of the present investigation are in agreement with the view that, in

initial stages in the development of the seed, there is preponderance of the free fatty

acid and that, in the final stage, the quantity of free fatty acid is considerably

reduced and the quantity of oil is increased.

In Madras, there are two main cultivated varieties of groundnut, ‘ Local

Mauritius’ and "Gudiyattam bunch’. The former ripens in about 130 days after
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sowing and .the latter in about ninety-five days. This period Taries to the extent

of fifteen to' twenty-five days, depending on the soil and climatic conditions. Both

the varieties flower in three to four weeks after soving and the flowering continues

till about three to four weeks before the harvest. It is, therefore, natural to find, at

the time of harvest, a number of undeveloped pegs which have not entered the soil

or entered the soil just prior to the harvest. At the time of the harvest, the pods

are found to be in different stages of maturity, some entirely immature, wliiie the

others are partially mature. The produce therefore consists of a majority of mature

kernels and the remaining partially mature or immature kernels which reduce the

percentage of oil from the sample and increase the free fatty acid content. In

Table VI the results of counts from 500 plants, of imdeveioped pegs, tender nuts,

immature nuts, and mature nuts of the two varieties are given. The figures are

the averages of 500 plants pulled out at the time of harvest in different years, and

these illustrate the proportion of immature kernels in the bulk produce.
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Apart froDi the lack of tmiform maturity, there is also another factor which affects
considerahly the free fatty acid and the oil content of the sample. In many districts,

particularly in those where the hunch- type of groundnut is grown, the cultivator
harvests the crop from one to two weeks before maturity, as he is afraid of the pods
germinating in the soil and his not being able to enter the fields after heavy rains.

The produce from such early h arvests is inferior in quality. Trom Table I it may
be noticed that the shipments from Calicut are the.wwst and contain as much as
five to eight per cent of free fatty acids. The shipments from Cklicut are mainly
the groundnuts from Poilachi area where almost every year the crop is harvested
Either too early, or it is found not practicable to dry the produce properly on ac-

count of the rains. The early harvested groundnuts are generally very damp and,
if not dried rapidly and properly, are liable to fermentation which increases the free

fatty acid content and reduces the quantity of oil The problem can, however, be
met by cultivating a variety of even shorter duration than the ordinary bunch*
Attempts are being made to evolve such a variety.

VIII. Sitmmahy and conclusions

As the groundnut seed develops, the percentage of oil gradually increases except
in the early stages immediately following blooming and the period just preceding
maturity. There is, throughout the development of the seed, a gradual and uniform
gain in oil content and reduction in the free fatty acid content. The moisture con-
tent of the seed diminishes and the shelling percentage increases as the seed
develops.

The harvest of groundnut even one week before the kernels are fully ripe,

increases the quantity of free fatty acid and reduces the oil content of
kernels by about five per cent. It is suggested that one of the reasons for the poor
quality of South Indian groundnuts is the practice of harvesting groundnuts before

they are fully mature. This practice not only increases the proportion of immature
kernels but also increases the period required for drying the produce, and thus in-

creases the chances of deterioration of the produce through fermentation which
would be accelerated when the produce is wet.

The authors are indebted to Mr. V. Ramanatha Ayyar, the Cotton Specialist,

for affording facilities to grow at his station the material required for the present
investigation.
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• There are many varieties of the Italian millet distinguishable by their grain

colours. Amongst varieties with the same grain colour separation is possible

through bristles and earhead shapes. But at a breeding station where the whole

life of the plant is being watched, a further grouping of the plants in the pre-maturity

stages is possible. Apart from plant and leaf habits, purple pigmentation is the

most striking character in the varietal grouping.

Plants of the Italian millet are broadly divisible into those with, and those

without, purple pigmentation. A plant without purple pigmentation is called’ non-

pigmented (No-P).

Plants with purple pigmentation fall into six classes according to the depth,

distribution and mode of manifestation of the purple pigment on the plant . Seed-

lings give a general clue to the pigment classes. For this purpose seedlings of

over 700 pure lines were examined and the development of pigmentation throughout

the growing period for each of the various classes was observed during five seasons

on 57 individual plants.

The lowest manifestation of puij)le pigmentation is in the last class designated

Pe- The manifestation is so sparse that there is a risk of this being passed for a

non-pigmented type. The seedlings of this Pg are green. In the adult plant,

the l^af-blade |s occasionally colour^ light purple. But the place to look for the
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faint pigment is the 0arhead,-a careful examination of wMcli" will show -tmces of

purple pigment on the peduncle, on a few glumes- and on stray bristle-tips. This

pigmented class is best studied in the milky stage and the place to look for pigment

is the edge of the glume. This class is characterised by light pigment in the earhead

only and a late manifestation thereof.

The next class is Pg. In this class also the seedlings are green like and
again the manifestation of the pigment is best at the flowering stage. The Tegeta-

tive parts then take on a light purple colour and the earhead (the reproduotiFO parts)

appears a good purple. The light purple of the vegetative parts shows in the

exposed roots, leaf-sheaths, leaf blades, nodes, and inter-nodes in a sparse manner

and inconstantly. In the exposed roots, leaf-sheaths, leaf-blades and nodes, even

this sparse colour can be detected only when the earhead ripens. This class is

characterised by a dilute body pigment and a normal head pigment, both mani-

fested late in the plant^s life (Plate XIII).

Pg and Pg have this in common that the seedlings are green, and that the mani-

festation of purple pigmentation in both of them is late in the life of the plant.

The next four classes—•P4, P3, Pg and P^—^give indications of the presence of

purple pigmentation in the seedling stage.

In P4 the seedlings betray traces of light purple on their leaf-sheaths. In the

adult plants the exposed roots and leaf-sheaths are light purple, the rest of the

vegetative parts remaining green. In the earhead there is a sparse manifestation

of light purple on odd glumes and bristle tips. This class is characterised by light

purple seedlings. The manifestation of pigmentation is confined to some vegeta-

tive parts and is light in the reproductive parts.

The next class is the P3. This class is a more steady and accentuated form of

P4. The seedling pigmentation is more easily recognised. The vegetative parts

manifest light purple in all places, and the reproductive parts are also light purple.

This class can be described as light purple throughout.

P4 and Fg have this in common, that the purple pigmentation is manifested

lightly, but in P4, the manifestation is restricted to some places only.

In the next two classes and the seedlings are distinctly purple. In the

adults of Pj, there is a greater depth of purple in both the vegetative and the

reproductive parts.

In the Pg class the pigmentation is similar to the P^ but there is a dilution on

the reproductive parts, the pigmentation being sparse in the peduncles, glumes and

bristles. The Pq can be characterised as all purple with a dilution in the earhead

(Plate -XII).

The Pj class is purple throughout and stands out as the best manifestation of

purple pigmentation in the Italian millet (Pfe-te XI).
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Descriptions of the six types of pigment (P^ to Pg) both as seedlings and as

adults, are tabulated below :—

'

Table I

Seedlings

Pigment class Exposed roots Leaf sheaths Leaf blades
Junction of
leaf sheath
and blade

Pi Purple P P (stray) p

p» Purple P P (.stray) p

Ps Light purple
j

LP LP (stray) LP

P4 Green. ^ LF (stray) G G

Pi Green
1

G G

p. Green a G G

Table II

AduUs {vegetative parts)

Pigment
class

Exposed
roots

Leaf
sheaths

*7

1

Leaf
blades

Junction
of leaf

sheath
and blade

JSi'odes Inernodes

Pi P

'

P . P (stray)
1

p p p

P p
!

i P (stray) p P P

p» LP LP ‘ LP (stray) LP LP LP

Pi LP LP (stray)
1 G G a G

p. LP (stray) LP (stray) 1 LP (stray)

!

I

G
!

LP (stray)

when
ripe

LP (stray)

when
ripe

p. a G , LP (stray) G 0
i

G
(
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Table III

Adults (earheads)

Pigment class Peduncles Glumes
j

Bristles
1

Remarks

Pi P P P
Pa P (stray) LP (stray) LF (stray) Brisk of passing for

Pi-

Pa LP (stray) LP LP Risk of passing for

Pi.
LP (stray) LP (stray) ' LP (straj>-) 1 Risk of passing for

Fg» ^

P P P ! Risk of passing for

I

Pj (when ripe).

Fg LF (stray)

i

LP (stray) LP (stray) Risk of passing for

1 No-P.

These six classes of pigmentation are distinct and with sufficient care and

experience easily recognised. Pure lines of all the six types have been isolated and

are breeding true.

The six pigmented classes differ obviously JBrom the non-pigmented in having

the basic factor (P) for pigmentation. Pi and express clear purple pigmentation

even in the seedling stages
; Pg and P4 also do so, but in a dilute degree. The seed»

lings of P5 and Pg are apparently green and develop pigmentation late in the life

of the plant and that dilutely

,

A factor (I) which determines the intensity with which pigmentation manifests

itself, is present in P^, Pg and P5, and absent in Pg, P4, and Pg, and accounts for

difterential depths of manifestation of the purple pigment.

Purple pigmentation, whether intense or dilute, is also localised. Such pig-

ment may be present in ail the parts at which it could be present, or be localised

in either the vegetative or earhead parts. A factor V determines clear manifesta-

tion in vegetative parts and a factor H, clear manifestation in the earhead. When
both V and H are present, the pigmentation is general in distribution. V determining

expression in vegetative parts, its presence shows right jfrom the seedling stage and

helps to mark off the seedlings of P^, Pg, P3 and P4 from those of P^ and Pg.

The interactions of P, I, ¥ and H fectors produce the diversity of forms charac-

terizing varieties of this millet*. The nature and constitution of the six pigmented

and the non-pigmented classes are given below :—

-

Pj—Has all the four factors and is a pigmented type of the highest degree

(PPVVHHn).

Pg— Lacks the H factor, V and I being present. The absence of H results

in a sparse and meonstant distribution of the pigment in the earhead

’^Recent work on ‘ Genetics of Millets in India by G. N. Rangaswatni Ayyangar,

Madras Agrh* Vol XXII, No. 1, P, 23. Paper contributed to tb© Symposium on

* Recent Work oa plant Genetics in India % at the Indian Science Congress, Bombay, January

1934, Dr. P. S. Hudson, Deputy Director, Imperial Bureau of Plant Genetics, Cambridge*

opening tb© disoussion.
'

' u

1
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giving the head an almost greenish look when emerging (PPWhhTT)
Pa- Is like Pi in distribution, but lacking the I factor, does not manifest

the pigmentation in intensity. It is a dilute (PPWHHu).
p4~Has the P and V factors only

; lacks I and H. The resultant type is

fppvl£)^
^ vegetation

Pa-Has P H and I factors. The factor V is absent. This produces a good
earhead, on a practically green vegetation

Pe-Is the type with the sparsest pigment. Its earheads show traces ol
purple. Bemg an extreme recessive its genetic constitution willvary according to which class it is aUelomorphic, but and resultant
expression of extreme sparseness in pigmentation is constant
(PPwHHii), or (PPwhhH), or (PPwhM).

No-P—Varieties that are non-pigmented will have the following wide ransre
of genetic constitutions, whose nature wiU not become evident untilthey are mated with pigmented types or have been extracted from

(PPwhhii, ppWhhii, ppwHHii, ppwhhHppWHHu, ppyvhhn, PPWHHH, or ppWHHH).

Kr A-
and studied, and crosses purused at the MilletsBreedmg Station, Coimbatore, confirm the above analysis and are presented below

Table IV

Pure for P, V, H and segregating for I

Segregating for pigment classes and ^3

Season

X* =0-41 P>.6

Generation and family
Cliaracter of .selection

and constitution

1

Segregating for
"

Pa

Natural cross
F, 8. 1. 758

Fa*'. i.I376tol379, 1382
8. I. 1374, 1380, 1381
Fa (from 8. I. 1374)

N. 7. 1971, 1972
S. I. 1970, 1973 to

1976.

Pi (PPVVHHIi) .

Pi (PPWHHH) .

1 ;

57
Pure
' 512

Pure
402

20

181

136

S. I. 1976, 1977 . Kmmm \ .

i ^
•• Pare

Total 971
, ; 337

Expected 081 327
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Table V

Pure for P and V, segregating for H or 1

Segregating for pigment dosses Pj and P*

Character of selection

Segregating for

Season

"

Generation and family

.

and constitution

F§

- im Natural cross

1928 Fg S. L 940 Pg (PPwHhll) or

(PPvvHHIi.
212 74

1930 1.1521,1622, 1625,

1630.
Pg (PPwHHn) • pure

S. 1. 1623, 1624, 1526,

to 1629, 1631 to

1633.

Pg » . • • 785 23-.

S. I. 1634 to 1538 . Pg !(PPwhlin) or

(PPwHHii).
• '

' pure

1931 S'. I. 1990 . Pg . . . -

Total 997

pure

310

Expected . 980 327

Xs =1 14 P> -2.

Other experimcea

1928 S. I. 941 clan.
j

!

1.941 . Pg • • •
’ 228 78

1929 *9. /. 888 clan.

S. L 1206, 1208 . Pg . . . . 400 122

1207, 1209 a Pg . . . . pure ..

S. I. 1210 . . .
1 Pg . • • •

,

pure

Total • 628 200

Expected . 621 207

X»=-32 P>-6

J 8
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Table VI

Pure for P, Vs I and segregating for H

Segregating for pigment classes P^ and Pg

Sea^^oii Generation and family
1

Segregating for

Character of selection

and constitation Pi p.

• 1931
(so miner)

Artifi'jial crosses .

LXXV to LXXVIT

S. 1. 1849 Ps(PPVVllIin)

1 S. I. 381 Pi (PPVVHHn) s

j

?

I931(rain-fed) F, ... . Pi 1 ^ ^

1932

S. I. 2261 to 2269 Pi (PPVVHhn' . 1033 369

Total 1033 369

Expected . I 1052 351

X8=]‘30 P >-2

Other exfjmemeH

1S28 8, I» 942 elmu
i

S. 1. 1248, 1823. 1826,
1828, 1830, 1832, 1846,
1847, 1848.

i

Pi ... . 1539 518

S. 1. 1249, 1827, 1829,
1833,1834, 1843,1844,

1 1846.

Pi ....
!

!

Pure ••

1 S. 1. 1849, 1860 P, . . .
.

1

Pure

Total' ,
1

' 1539 518

Expected
.

|

' 1543 .614

X»=*04 r >-8
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Table VII

Pure for P, V, ij and segregating for H

Segregating for pigment dosses P* and P*

Season Generation and family

Segrei^ating for

Character of seleetion

and comtitution Pi. p*

‘

1

1923 Natural cross * •

192S S. J. 2f>9 P, (PPWHhii) . Pg and P4 (no
counts).

1928 Fj S. I. 392, 393, 393 to

399, 401 to 404, 406,
407.

P, (PPVVHHn) . Pure

S. 1. 394, 400, 406,
408.

P, . . 322 84

S. 7. 387, 388, 391 . P4 (PPWhhii) Pure

1930 F« (from S. I. 403.)

S. 1. 1317, 1321, 1322,

1326, 1329.
P» • Pure

S. I. 1318 to 1320,
1323, 1324, 1326,
}327.

P, • • •

j

448 140

S'. 7. 1328 P4 • • • * ^ •• Pure

1931 Fj (from S. 7. 1320).

S. 7. 1966 Pg ^ • • Pure **

S. 7. 1962 to 1965,
1967.

P3
.... 229 90

'

S. 7. 1968, 1969 P4 • • • • Pure

Total 999 314

Expected 985 328



184 IN0IAK JOURNAL OF AGEIOULTURAL SCIENCE [V, II.

Table VH!

Pure for P, H and 1, segregating for V.

Segregating for pigment classes Pj and P5

1

1 Segregating for

S0a5?oii Generation and family Character of selection

and constitution Pj Ps

1§27

1

'

j

i. 296 ckm.

S.I. 916, 016, 1224,1226 Pi{PPVvHHn) . . 814 271

ms $• 1- 766 clan.

S. I. 1094, 1096 Ip, . . . 818 116

1928

I

S. 1. 942 clan. :

S. 1. 1824 , 1826 , 1831 .
|
p, . . - . 618 174

Total mo 561

Expected ms 578-
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. Table IX ' .

Pure for H and i, and segregating for ¥«

Segregating for pigment classes Pg and P@

Season Generation and family Character of selection

Segregating for
,

»
,

"i1

"

‘i

and constitution

i

1

i-

1922 Natural cross

1925 Fj S. ! 85 P* (PPVvHHii) . P3 and Pa ('to

CO tints)

192A 7. 204. Pa (PPVVHHii) .

Pure
S. 1. 203., 208 . P3 • . - .

884 85

7. 205 to 207 Ps (PPvvHHii) , Pure

1928 F4 (from S. I. 203).

P3 • . . . Pure ' '
•' '

S. 7. 324 to 338 . P3 . . . 1477 536

6'. 7. 339 to 354 Pa • . • V
'

Pure

Fj (from S. 7. 208)
!

S. I. 364 Pa ... . .. '

J Pure

1929 Fj (from S- 7. 326) i i :

1

,
S’. 7. 1053, 1066 P, . . . . Pure

8. 7. 1064 P3 •
" 174 '1 68

<S. 7. 1066 Pa • . . .
>. Pure

Total 2035 67§ .

.Rxpec-ted 2036 679
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Table IX—co»fe?.

Season

1

Generation and family Character of selec-tion

iSegregating for

and eonrstitiition

p. p.

1927

Other experiences

S.I.U2elm.

S. 1. 742, 993 to 995, p, . . . . 1466
1

,

, 478

997, 999, 1001 to 1004.

S. 1. 990, 998, 1000 P3 . .
Pure

I?. .1 . 1005 to 1008 Pc ... Pure

ms S. I. '!4C, dm.

i ,*?. 1. 746, 1074 to 1078, Pc •
1222 394

! 1741, 1742.
i

iS. 1. 1079, 1743, 1744 Pc . • Pure

/S. i, 1080 to 1082, 1745 p, . • • .. Pure

1920 1. 1035 elan. \

S. 1, 1035 • Pc- .

I

151 43

1930
1

S. 1. 878 elan,

S, i. 878 .. . p, . . • • 123 43

I

Total 2961 958

Expected 2939 980

Z*=-6l P>-3

In the six tables given above (Tables IV to IX) monofactorial segregations

between two pigment classes are presented. In the five following tables (Tables
X to XIV ) are given segregations involving the pigment classes and their pigment-
less allelomorphs.



Character of selection

and constitution

Segregating for

1928
(summer)

Artificial crosses .

I to IV

S, I. 181 Mo-P
(ppVYHHII).

8. J. 224 Pi {PPVVHHII)

1928
(rain-fed).

F, .S'. 1. 1020 to 1029 I Pi (PpHHVVn) .

F3 (from S. 1. 1025) .

S. I. 1646, 1650, 1661, Pi
1667, 1668.

S. 1. 1645, 1647 to 1649, Pi
1662 to 1654, 1657 to

1662, 1665, 1666, 1669,

1670.

S. I. 1665, 1656, 1663, No-P .

I

1664.
.

1

Fj (from S. I. 1026).

S. I. 1677 . . Pj. .

S. I. 1671 to 1676, Pi
1678 to 1681.

S. 1. 1682 to 1690 . No-P .

Fj (from S. I. 1027).

8. I. 1707 . . Pi .

8. I. 1697 to 1706 . Pi

S. 1. 1691 to 1696, No-P. .

1708 to 1712.

Fi (from 8. I. 1645)
'

8. I. 1997, 2001 . 1 Pi

8. I. 1998 to 2000, ; Pi
2 . i

INHERITANCE OF OHAEACTEBS IN SETAMIA ITAIICA

Table X

Segregating for P and pure for V, H and I

Season Generation and family
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Table X—eontd.

IT, H.

Segregating for P and, pure for V, H and, I

Season Generation and family
1

Character of selection

and constitution

Segregating for

Pi No-P

1931 F4 (from S. J. 1647)

S. I. 2005 Px . . . . Pure

iS. 1* 2003, 2004 2006 Px . . . . 213 S3

F4 {from S. 1. 1659)

8. 1- 2032, 2033, 2036, pj . . . . Pure
2042.

S. 7. 2031, 2034, 2035, Px . 743 195

1925

2037 to 2041, 2043.

X2=l-16

1

Other experiences

8. I. 76 clan.

Total
Expected

P>*2

5516
6557

1893
1852

! 8. I. 199, 200. 317 Pi , . . . 719 216

8. 1. 198, 318, 319 Px . ... Pure .

.

8. I. 201 , 320 No-P. . . Pure

1925 *S. 7. 121 dan. . . . . .

'

•

.

.

.

8, I, 121, 223, 225 Px . . . . 413 147

8. J, 222, 224 Px . . . . P ure • «

8. i. 226, 227 No-P .... Pure

3925 8, 1,1 clan * • .

.

8, 1, 164, 262, 263, 265 Px • . . . 726 250

8, 1. 260, 261, 264 Px ... Pure .

.

8, 1, 266, 267 , 268 No-P ....
,

Pur©
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Table X—conoid.

Segregating for P and pure for V, H and I

Season Generation and family Character of selection

and constitution

Segregating for

Pi
;

No«P

1928 S. 1.154: dan . .. .

S. 1. 754 . Pi . ... 54 18
1929 S. I. 1938 dan.

8. I. 1938, 2411, 2413, Pi . . . 274 m
2414.

8. I. 2412 . . Pi . Pure • «

8. 1. 2415 . . . No-P .... Pure
932 Fj (from artificial cross)

8. I. 2302 to 2307 . Pi . . . 692
j

281
8. I. 2320 to 2324 . Pi . . . . 213 i 68 ^

8. I. 2353 to 2358 . Pi . ... 324 1 108
5 7. 2411 to 2416 . Pi . . . . 139

I

^52

Total 3654 1218

Expected 3579 1193

X*=2-0e p>-3
Table XI

Segregating for P and pure for V, h and I

Season Generation and family Character of selection

Segregating for

1
.

and constitution

No-P

1928 8. 1. 942 dan. • . .

.

* « # »

8. /. 1836, 1837, 1839,

1841, 2128, 2130, 2131.
PilPpVPbhn) . 693 204

I. 1835, 1838, 1840,
2129.

P, (PPVPhhll) . Pure ••

8. J. 2132, 2133 . No-P (ppWhhn) . .
.

Pure

Total 693 204

1

Expected 673 224

X*==2-44 P>-1

K &
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Table Xn

SegTegating for P, cin pure for ¥§ H, aud i

[V, II.

Generation and family Character of selection

and constitution

Segregating for

lo-P

Natural cross — .. ;
...

Fs 8. I. 707 P3 (PpVVHHii) . 90 35

Fs S. I. 980 Ps (PPWHHii) . Pare .0

S. I 981 Pa . . • 77 30

5 . I. 982 Pa • • • • 115 35

S. /. 983 . .
!
No-P (ppWHHii) •• Pare

'

Total 282 ' 100 1

Expected 287

11 00 P>S i
.

'
'

1

Table XIII.

Segregating for P, and pure /or H, I and v

Season Generation and family Character of selection

and constitution

Segregating for

P5 No-P

1927 Natural cross ..

1928 Fg S. I. 751 . P5 (PpvvHHli) . 90 33
1929 Fg S. 1, 1369 P5 (PPwHHH) . Pure

S, 1. 1370 P5 • • • 174 56 !

S. I. 1371 Ps • • 91 32 5

6f.J. 1372 P5 • • - • 81 30
S. I. 1373 No-P (ppvvHHII) - Pure

Total 436 151 i

Expected 440
1 147

X*=-16 P>-
Other experiences.

j1932 S. I. 2187 clan !

S. I. 2449, 2450, 2462 . Pg .
,
# ,

' * : •
, . . 175 58
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. tabm XIV ^

:

Segregating for P, and pure for ¥

Season Generation and family Character of selection

Segregating for

and constitution

p« No-P

.

1927 Natoa'! cross ....

1928 WtS. i,m P,(PpwHHii), (PpwhhH)
or (Ppwhliii).

69 ' 32

1929 F, S. I. 1084, 1086 . P, (PPv?HHii), (PPwMi-
II) or (PPvvllliii).

Ptire ..

1930
8. 1. 1083, 1085, 1087

F* (from 8. I. 1083) .

P. • ... 587 196

8. I. 1748, 1749 Pe • Pure « •

8. 1. 1746, 1747
i
Pg . . • .

Total

;

Expected

350

1006
990

86

314
330

X2=:l*03 P>*3

In the following two tables (Tables XV and XVI) segregation for P along with
segregation for pigment classes among the purples, giving a 9 : 3 : 4 ratio ar#

presented.

Table XV

Segregating far's and "K, and pure for Y and 1

Season Generation and family Gliaracter of selection

and constitution

Px

1

p. NoP

1931 Artificial crosses .S'. J. 1750 Ho-P
(summer)

LXXXI—LXXXIV .

(ppWHHII) .

S. I. 1849 Pj(PPWliliII)
$

1931 Pi ... . Pi(PpVVHiin) . P'1

(rain-fed)

1932 Fj 5. 1. 2271 to 2278 . p, . 758 257 297

Total 758 257 297
Expected (9:3:4) . 738 246 328

X»=3'96 P>'I 1

Other experiences
1932 Fj S. I. 2350 to 2362 .

(from artificial cross)
. .

i

76 24 39

Segregating for
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Table XVI

Segregating for ‘P and V and pure for H and I

Se^re^atin,2
:
for

Season Generation and fatnity Character of selection

and constitution

Pi P5 lo«.P

1929 Artificial crosses . . 8. I. 316 No-P $
(ppWHHn).

XLIX—LII '

. 8. I. 301 Ps <?
(PPvvHHII).

1930 Fj . . . . Fi

1931 .. Fa 8. L 1925 to 1929 . Pi (PpVvHHII) . 145 47 62

1932 F
3
(from 6'. /. 1929) .

S. I. 2394, 2401 Pi . . . 50 12 30

Total 195 59 92

Expected (9:3:4) . 195 65
j

87

II GO P>-6

—

—

1

(S'. I. 2395, 2.897 . Pi (PPVvHHH) Pi
8. 1. 2392, 2393 . Pi (PpWHHII) Pi No-P
8. 1. 2399 . . Ps • • Pure
8. 1. 2396, 2400 . Ps (PpwHEII) i's No-P
(S. y. 2398, 2402, 2403 . No-P (ppVVEHII) or Pure

1932
Other experiences

(ppwEEII)

8. J. 2187 dan

1932
8. I. 2443, 2444, 2447. Pi . . . . 218 69 95

Fa 8. 1. 2296 to 2301,
2308 to 2313.

(from artificial cross)

Pi . . . . 1024 369 494

i

1

Total 1242 438 589

i:.

Expected (9 ; 3 : 4) . 1276 425 567

=2-28 P>3

In the following table is presented the history of a clan pure for P and giving
a bifactorial segregation for four pigment classes.
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' Table XVII

Pure for P a7idX segregating for V and H

Segregating for pigment classes ?!_, Pg, P5 and

Season Generation and Character of selection

Segregating for

family and constitution

1

i

Ps P5 p<=

1931':

,

(sariimer),
,

Artificial crosses

xcvii--xcix ,
;

xS'. 1. 1369 Pg
(PP?vHHII)

/S'. I. 1849 Fg
(PPVfMiII)

i ,
.

<?

?

1931
(rain-fed)

1
,

P, (PPVvHhn) .

i

.

i

p'l

'

1932
(summer)

Fg /S'. J. 2186 . Pi .• .Pi p= P5
;

p*
(no

eouri^'^*^)

1932
(rain-fed)

Fg S. ,/. 2290 to 2295 F, .

'

. ..
1

338 111 108'
1

'

1

46

1932
(rain-fed)

P3 (from S. L 2186)

6". /. 2431. 2433
' 2442.

p, . .

. i

1

166 58

:

i

61
'

i

[

^ :29,

Total 504 169 169 76

Kxpected (9 ; 3 : 3 : 1) 516 172 172
1

.57

• 07 P>1
1

Sy J. 2429'
.

'

. Pi (FPVVHHn) . .
i
Pure

S. i. 2484, 2436 P, (FPYfHlin) Pi

1.2430 h • . . Pure

Si /. 2435, 2437 P2 (PPYvhhll) P2 Pc

S. /. 2439 P5 (PPvvHHii) Pure

;S'. 1. 2432, 2438
2440.

P5 (PPvvHhll) Ps p,

S\ I. 2441 P, (PPwhhll)

1

Pnre
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The data presented In the above tables, full and elaborate' as they are, were

sought to be further confirmed by the following artificial crosses^ in every one case

obtaming an Fj plant of the expected genetic constitution.

tabm xvin

Artificial crosses

Cross number

,

Parents

FiS

$ s

CGLXIX, CCLXX . s. I. 1990 Pe (PPvvHHii) . 8. I. 2133 No-P (ppVViihn) Pi

CCCIX S. /..364 P<,(PPvvHHu) S. I. 268 No-F (pp¥¥HHII) Pi

CCCXII, CCCXIII S. 1. 268 No-P(ppVVHHII) . 8. I. 364 P, (PPvvHHii) . Pi

CCCXVI . S. I. 364 Pe (PPvvHHii) . 8. 1. 2133 Ho-P (ppVVhhn) Pi

CCCXXXI S. 1. 1968 Pi (PPWhMi) . 8. 1. 1760 No-P (PPVVHHII) Pi

cccxxxn 8. 1. 1760NO-P (ppVVHHII) ,Sf. J. 1968 Pi(PPVVIihii) . Pi

SinVIMARY

Plants of the Italian millet are either pigmented (anthocyanic) or without
purple pjgment (non-pigmented). The former condition is dominant and arises

by the basic presence of a factor P. There are various manifestations and inten-

sities in this pigmentation. A factor I determines a manifestation in intensity.

This is dominant to a manifestation in a weaker depth. The degree to which P is

operative, in addition to being greatly influenced by the presence of I, is conditioned
by two other factors V and H, which determine the alacrity with which P manifests
in the vegetative or earhead parts. The interactions of P, I, ¥ and H factors produce
the diversity of forms characterising varieties of this millet.

Data from over 420 families are presented in support of the above hypothesis.
A number of artificial crosses furnish confirmatory evidence.
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Inteobuotion

It has been shown quite recently by Phar, Bhatacharya and Biswas [1933]

that nitrification in soil in the tropica is more of a photo-chemical than bacteria l

nature. The soil is believed to act as a catalytic agent.

The catalysts in soil can be either organic or inorganic or both. Many mineral

substances such as titania, zinc oxide, sodium uranate, alumina, and silica have

been found to act as photo-catalysts on the oxidation of ammonium compounds

[Rao and Dhar, 1931],

Silica and alumina though present in large quantities in soil have but feeble

action and cannot account for the total catalytic action ofthe soils. In view of the

alleged importance of photo-nitrification in tropical soils Hoc, cit.] further investiga-

tion of the problem was considered desirable.

Determination of catalytic power

Appropriate amount of the substance with fifty c. c. distilled water was put in

300-c. c. Pyrex .glass conical flasks in duplicate. These were plugged with cotton

wool and sterilized. Mono-ethyl-amine (33 per cent solution) and aniline (pure)

which were used as the test* compounds, were separately added with a sterile pipette

at the rate of 0*5 c.c. per flask. The flasks thus prepared were exposed to the

sun. Nitrous nitrogen was estimated by Griess Ilosvay^s method. In estimating

nitrous nitrogen in aniline solution, it was found necessary to add about 0*5 c. c.

glacial acetic acid along with the reagent. Since the method is extremely sensitive

readings less than 0-4: in half inch cell (equal to 0*001 mgm. per 100 c.c. solution)

have not been considered in this paper. In the case of organic catalysts sterilization

was omitted to avoid decomposition, but to check against changes due to bacterial

action if any, control flasks similarly charged and wrapped in black paper were kept

side by side with the exposed flasks.

^ Mono-ethyl-amine and aniline were used in preference to ammonium sulphate

because the latter had been found to be oxidised veiy slowly. It is not yet possible to

say why it is so, but work is being carried on which is expected to throw some light on

point..

(
195 )
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Experimental

111 order to detormiiie tiie nature of the photo-catalysts in soil, the following

experiiiieiits were performed :

—

J.

—

Catalytic action of different soils

Six soils were taken for this study :

1. Lyalipur soi! (Olay loam).

2. Lyallpursoii (Loam).

3. Bara soil (Sodium soil. Barren).

4. Jhansi soil (30 per cent clay).

5. Pusa soil (33 per cent calcium carbonate).

6. Leaf mold soil.

Five graiUvS of soil was used as a catalyst. Dark controls were also prepared

and kept along side the exposed flasks. The contents of the flasks were analysed

after thirteen days. The results are shown in Table I.

Table I

Showing the catalytic potvers of various soils

Mgm. nitrous nitrogen

per 100 c.c. solution

Serial

No.
Catalysts

Aniline Mono-etbyl-
amine

' d Lyalipur soil , . . . . . 0-211 0*134

, 2,
i
Lyalipur soil . . . .... 0-058 0*376

3
1
Bara soil . 0-275 0-233

4
j

Jhansi soil ....... trace 0-U3

5
1

Fusa soil •

. . . . . 0-032 0-181

6 Leaf mold soil ...... 0-583 0-389
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Anotiler set without sterilization was also prepared and kept in the incubator

at 30®C. .Nitrous nitrogen was estimated after thirteen days. Bacterial oxidation

of both the compounds was negligible. This however does not mean that photo*

nitrification is more vigorous than bacterial process under all conditions. Under
artificial conditions the nitrifying organisms are highly specific as regards their

food requirements. In Omliansky’s solution nitrifying organisms are well known
to oxidise about five mgs. of ammonium sulphate nitrogen per 100 c. c, solution in

a fortnight when incubated at 30°C., while the photo-oxidation of ammonium sul-

phate in the presence of soil i^nil [Sarkaria and Fazal-ud-din, 1933] in the same
period.

In another experiment the contents of the flasks similarly prepared were analysed

immediately and after an exposure of two hours at noon. Except in the leaf moM
soil which contained 0*006 ingm. nitrous nitrogen per ten gram soil, the amount of

nitrous nitrogen present initially was negligible. There was no change in the nitrous

nitrogen content of the flasks after exposure in the case of mono-ethyl-amine

but in aniline flasks three soils 1, 3, and 6 gave positive nitrous reaction, not

more than 1/lOth of that obtained in the previous experiment.

Since the change does not take place in the dark, the reaction may well be

regarded as photo-chemical
;
the soils seem to act catalytically is clear from a

consideration of results obtained after two hours exposure.

The following conclusions may be drawn from Table I :

—

1. Catalytic power varies with different soils.

2. The oxidising power of soil catalysts is different towards different com-

pounds.

3. The catalyst in soil may be either a single substance or mixture of sub-

stances.

Since there was no dark reaction in the controls, these were omitted when

working with soil constitutents.

II. Catalytic powee of the soil extract and that of the insoluble

EESIDTJE

Fifty grams of soil was occasionally shaken for six days with 400 e. c. of water.

The soil was filtered through filter paper in a Buchner funnel, and residue on the

filter paper washed four times with 25 c. c. of water. The washings were mixed with

the extract, which was removed. The residue was further washed with distilled

water till free from soluble material as judged by the absence of chlorides. The

catalytic power possessed by 50 c. c. of the above extract (equivalent to 5 gms. ori-

ginal soil) and 5 gms. of the residue was determined after thirteen days’ exposure.

The results given in Table II show that :

—

( 1 )
The catalyst is both water soluble and insoluble.

(2) The residue is a better catalyst for mono-ethyl-amine than aniline. With

the extract it is quite the reverse.
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Table II

Showing the catalytic powers of soil extract and residue (mgm. nitrous nitrogen per
100 c. c, solution)

Serial
- No.

Extract Residue

Aniline Mono-ethyl-
amine

Aniline Mono-ethyl

-

amine

1 0*178 0-039 0*032 0-272

2 0*060 0*042 0-032 0*194

3 0*227 0*071 0-031 0*168

m j

'

4 trace 0-024 0*029 0*168

5 ^ 0*022 1 0*019 0-027 0*181

6 0*648 0*104 0*041 0*337

TIT. Catalytic powek oe the icnited soil

All the six soils were ignited at 600^0. for three hours in the muffle furnace

and their catalytic power determined, using five grains of the soil as before. Con-

trols without mono-ethyl-amine or aniline were also exposed simultaneously. The
contents of the flasks were analysed after five days’ exposure. The soils showed
only feeble catalytic action.

It seems that the loss of catalytic power is mainl}’' due to the destruction

of organic matter and soil colloids. These were tested separately .

1. Organic matter

Concentrated soil extract was prepared from bara and leaf-mold soils by shaking
these with an equal amount of distilled water, and then filtering. The extract in

five c. e. portions was treated with varying amounts of Merck’s hydrogen peroxide

(12 Voh ‘ O ’) in well corked test tubes and kept overnight. The contents of the
tubes were then transferred with distilled water in the conical flasks and the volume
made up to fifty c. c. The catalytic power of the extracts was determined as

usual.

The results given in Table III show that the catalytic action of hara soil ex-
tract is not affected by treatment with hydrogen peroxide, whereas in the case

of leaf-mold soil, it decreased with increasing amount of hydrogen peroxide,
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Tabm III

Leaf mold soil extract Bara soil extract

Treated with
Mgin. nitrous nitro-

gen per 100 c.c.

solution
Treated with

Mgm. nitrous nitro-

gen per 100 c.c.

solution

2‘0 o.c. hydrogen
peroxide.

0*551 1 * 0 c.c. hydrogen
peroxide.

:

0*251

4“0 c.c. \ hydrogen
peroxide.

0*324 2*0 c.c, hydrogen
peroxide.

0*251

6*0 c.c. hydrogen
peroxide.

0*259 3 • 0 c.c, hydrogen
peroxide.

’0*251

8*0 c.c. hydrogen
peroxide.

0*162 4*0 c.c. hydrogen
peroxide.

0*251

Control . . . 0*972 Control '0*243
'

It would seem that the soluble organic matter from bara soil is either not attacked

by hydrogen peroxide or it possesses a very slight catalytic power.

The soil extracts corresponding to five grams soil from both the soils were

evaporated and the residue ignited at a low temperature and its catalytic power

was determined after ten days’ exposure.

The results given in Table IV provide additional proof of the fact that the soil

organic matter acts as a catalyst.

Table IV

Showing the catalytic power of the soil extract and its ash

Serial ^

m.
Catalyst

Mgm. nitrous

nitrogen

per 100 c.c.

solntion

1 : Extract of soil Ho. 6 . . . , . . . 0.230

^ Ash of the above . . . . . . . 0.045

,

3
'

.

j

Extract of soil Ho. 3 , ,

'

v . ..

'

.
'

.
.

;

.
' 0.178

' ^ .11

Ash of the above . . . • * * • 0.032

,,'5: Control .
,

... ,

’

.
.' . . . .

'

:

. ", .
.

,

0.010
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2, Soil colloids

(a) It is well known that collodion membranes generally possess the power of

retaining colloids. The catalytic power 'of soil extracts filtered through collodion

membrane and ordinary filter paper was determined as usual. It was found to 'be

unaffected, by filtration through collodion membrane. This shows that the colloidal

matter in the extract, if any, has no catalytic power. The results are given in

Table Y.

Table V

Showing the catalytic action of soil extract when filtered through collodion m^embram

and ordinary filter paper

(Mgm. nitrous nitrogen per 100 c.c. solution)

i

Extract No. 1 Extract No. 2-

C.^atalyst

,!

Aniline Mono-ethyl-

amine
Aniline

Extract through collodion

filter . . . 0-713 0- 123 0*113

Extract through filter paper , 0-713 0*117 0*113

(6) Clay fractions (0*002 mm.) were separated from the soil residues as prepared

under experiment II. In order to get rid of organic matter*, the clays were treated

with Merck’s hydrogen peroxide for twenty-four hours, when these were filtered and

washed with distilled water
;
extracted with ether in the Soxhlet extraction apparatus

for about eight hours ; and then further extracted with redistilled alcohol for three

hours ;
filtered and again washed with alcohol a number of times and dried.

The clays so prepared were taken in two-gram portions and tested for catalytic

action against mono-ethyl-amine. Nitrous nitrogen was determined after thirteen

days’ exposure. The results given in Table VI show that the clay acts as a

catalyst.

* It is surely desirable to completely remove organic matter from the clay, but this

is not possible without more drastic treatment, which may also change the clay complex,

hence treatment with hydrogen peroxide followed by extraction with ether and alcohol

was considered sufficient.
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Table VI

Showing the catalytic action of clays from different soils

Catalyst
Mgm. nitrous nitro-

gen per 100 c.c.

solution

Clay from soil No. 1 . . . . . O-ilO

Clay from soil No. 4 '

. 0-052

Clay from soil No.' 5 ' .
' . . . . .

.
'

'

. 0-066

Control . , . . .. 0-013

Having tluivS found that the catalysts in soil are both organic and inorganic in

their nature more elaborated study of these two groups was made.

IV. Nature of the orgamc catalysts in soil

i. Soil fats and waxes

. One hundred grains of leaf-mold soil was extracted with 200 c.c. ether in' the

Soxhiet extraction apparatus for twelve hours. Ether extract corresponding to

ten grams soil was measured out in each flask and evaporated to dryness over water

bath. The catalytic power of the ether residue was determined in the usual way..

To avoid decomposition of the organic matter the flasks were not sterilized and

instead dark controls were kept side by side with the exposed flasks*

. The results given in Table Vil show that ether-soluble organic matter,

soil fats and waxes possess a fair amount of catalytic power.

Table VII

Showing the catalytic action of ether extract

j

.

1
Mgm. nitrous nitrogen per 100 c.c.

solution

' Treatment
"

-I

- — - - —
1

Aniline
1

i

Mono-ethybamine

i Ether extract (exposed) j. . . trace 0.078
2 Ether extract (imexposed) ....

1

nil nil

3 Control (without catalyst) ....
1

nil 0.029
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2. Soil resins

Tlie soil after treatment with ether was extracted with absolute alcohol over

water-bath for about four hours. The extract was filtered and portions corres-

ponding to ten grams soil were measured out in flasks. These were evaporated to

dryness over water-bath, and the catalytic power of the residue was determined as

in the case of ether extract.

The results given in Table VIII show that soil resins also have catalytic

action.

Table VIII

Showing the caMlytic mtion of alcoholic extract

Treatment

Mgm. nitrous nitrogen per 100
c.c. solution

Aniline Mono-ethyl-

amino

Alcoholic extract (exposed) , . . . .
'

1

0-810 0-047

Alcoholic extract (unexposed) , , . . nil nil

Oontroi (without catalyst) 'nil 0-029

The mineral matter in the extract was also found to be slightly catalytic in

action.

3. Humns,

Humus was extracted from soil in the usual way. It was purified by redissolv-

ing and precipitating. Finally the humus or to be more correct humic acid precipi"

tated with hydrochloric acid was washed with distilled water a number of times
to get rid of ammonium chloride and hydrochloric acid* It was shaken with
distilled water in a stoppered cylinder and a portion corresponding to five grams
soil was tested as a catalyst* The catalytic power was determined in the usual
manner. The analysis was done after twelve days’ exposure.
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lysts.

The results given in Table IX show that both humus and its ash act as cata-

Tablb IX

Showing the catalytic action of humus

Serial

No.

j

Treatment
Mgm. nitrous nitro-

gen per 100 c.e.

solution

1 Humus with mono-ethyl-amine (exposed) .

i

.

0-130

? Humus with mono-ethyl-amine (unexposed)
I

' nil

3 Humus ash with mono-ethyl-amine (exposed) 0*071

4 Humus without mono-ethyl-amine (exposed) nil

6 Control . . . ... 0*026

4, Cellulose

The catalytic power of Whatman filter paper cellulose was determined using

one graip filter paper as a catalyst.

The results given in Table X show that impure cellulose acts as a catalyst.

. Table X '

;

'

Showing the catalytic action of filter paper

'

I

1

1

i

Mgm. nitrous nitrogen per
100 c.c. solution

Catalyst
1

Aniline

i

Mono-ethyl-amine

Filter paper
^

Trace 0-042

Control . . Nil 0-016

The experiment was repeated with purified cellulose from cotton wool. The

results were negative.

M
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The catalytic power of impure cellulose was found to have increased after

bacterial decomposition.

Fifty 0 . c. culture medium of the composition given below^ was transferred to

each of the four 300-c. c. conical flasks. One gram filter paper strips were added

to each.

These were inoculated with a drop of fresh horse dung extract. Two of these

were sterilized, and kept along with the other two in the incubator at 30°C. for

a month. When the cellulose in the unsterilized flasks was macerated, the catalytic

power of the contents of the flasks against mono-ethyl-amine was determined after

six days’ exposure. The catalytic action of the decomposed filter paper was found

to have increased. The results are given in Table XI.

Potassium hydrogen phosphate * , . . I • 0 gram.

Magnesium sulphate . . 1-0 „
Sodium cMoride . . . . . . . . 1-0 „
Ammonium sulphate . . . 2-0 „
Distilled water .

Table XI

1000 0.0.

Showing the catalytic action of filter paper and its decomposition products

Serial

No.
Catalyst

Mgm. nitrous nitro-

gen per 100 e.c.

solution

1 Decomposed filter paper . . . 0*062

2 Filter paper . • .... 0*036

3

1

Control . . . . ... 0*014

Cellulose present in soil is very likely to behave as filter paper above. The

increased action may be due either to the decomposition products of cellulose or to

the bacterial bodies. This point is still to be investigated. There is a certain

amount of evidence to show that bacterial bodies also act as photo-catalysts. The

work is in progress.

Since soil organic matter is mostly derived from plant waste materials, extract

from green plants was also tried as a catalyst. A few green stalks of berseem

{Trifolium alexandrinum) well washed with distilled water were extracted with

absolute alcohol. Five c. c. of the extract was evaporated to dryness over water-

bath in a flask and the catalytic power of the residue was determined without steriliz-

ing but with dark controls. The contents of the flasks were analysed after four days’
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exposure. The alcoholic extract of the green stalks exhibited catalytic property.

Extract of non-legnmes also showed a similar action. Results are given In

Table XIL

Table XII

Showing the catalytic action of alcoholic extract of green herseem leaves

Treatment

Mgm. nitrous nitrogen per 100 c.c,

solution

One per cent
mono-ethyl-
amine

iV/10 ammonia

Alcoholic extract (exposed) ..... !

0*097 0*014

Alcoholic extract (unexposed) , . . . nil nil

Control (ex|30sed) ...... 0*012 Trace

Aquous extracts of the plants were also found to be catalytic in action.

This shows that plant leaves have the power of oxidising ammonia in sun light

.

Free ammonia is said to be toxic to plant life, but the plant may be able to utilize

it because of its catalytic power. Work on plant catalysts is in progress.

S, Inorganic catalysts in soil

Since soil is mainly a mineral complex, the method of study adopted in

this case was to try different metaHio bases as catalysts, r

In most cases the oxides of the metals were used. The catalytic power possessed

by one gram of the bases was determined as before using aniline and mono-ethyl-

amine as the ‘ substrate b Exposed and unexposed flasks were kept both, with

and without the ‘ substrate

Since the oxides are generally prepared by the ignition of nitrates there is

Possibility of their contamination with nitrates, nitrites or other nitrifiable com-

pounds. So in order to avoid errors due to these sources, controls (both exposed

and unexposed) without the ' substrate ’ were also prepared.

The contents of the flasks were analysed after a fortnight. Oxides of lithium,

manganese, bismuth, lead, nickel, copper, mercury, and chlorides of potassium

calcium, barium, magnesium, showed catalytic action. Stannic chloride, antimony,

tetroxide and ferric oxide gave negative results. The action of the remaining com-

pounds^ with the exception of bismuth trioxide and mercuric oxide was very feeble
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This would indicate that the catalytic action of the soil is mainly a function of the

organic matter it contains.

It has been found that the nature of the acid radical in combination with the

base considerably modifies the catalytic power of the metallic ion
;
the catalytic

properties of some of the more important clays were also investigated.

A clay soil was taken, and it was exhaustively washed with 2^/20 hydrochloric

acid till the filtrate gave no test for calcium. It was now washed free of acid with

distilled water. The clay (0*002 mm.) was separated by centrifiiging. It was

dried over water-bath, treated with Merck’s hydrogen peroxide over night, again

dried, extracted with ether and then with alcohol. Different clays were prepared

from this by washing the hydrogen clay over Buchner funnel with small quanti-

ties of normal solutions of the metallic clorides. The washings were continued

till the filtrate gave no acid reaction. The clay was then washed with distilled

water till free from chlorides.

Two grams of the clay as prepared above was used as a catalyst for the oxida-

tion of mono-ethyl-amine. Dark controls were also kept. Nitrous nitrogen was
determined after sixteen days’ exposure. The results given in Table XIII show that

the different clays are catalytic in action and sodium and potassium clays are more
vigorous in this respect than the others.

Table XIII

Showing the catalytic action of different clays

Serial

No.
Catalyst

Mgm. nitrous nitro-

gen per 100 c.c.

solution

1 Control . . . ... 0*029

2 Calcium clay . . . . . . 0*039

3 Hydrogen clay . . . . 0-060

4 Magnesium clay 0-065

5 Manganese clay . . , . . 0-036

6 Potassium clay . . , . 0-110

7 Sodium clay * * . . 0-110
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Conclusions

1. Catalytic power varies with different soils.

2o The oxidising power of a catalyst differs with different compounds.

3. Soil fatSj waxes, resins and humns act as catalysts.

4. Impure cellulose possesses catalytic power, which increases on its bacterial

decomposition.

5. Alcoholic extract as well as aquous extract of plants also show catalytic

action.

6. Water soluble mineral matter in the soil, clay, chlorides of potassium, barium,

calcium, magnesium, and oxides of manganese, lithium, bismuth, lead, nickel, copper

and mercury all possess some catalytic power which is quite well pronounced in the

case of bismuth and mercury.

7. Sodium and potassium clays are better catalysts than calcium, hydrogen,

magnesium and manganese clays.

8. The bacterial nitrification in mono-ethyl-amine and aniline solutions was

negligible as compared to the photo-nitrification in the presence of soil.
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Bacterial oxidation of elemental sulphur and its chemical oxidation at a high
temperature are well known. Kappen and Quensell [1915] were the first to show
that chemical oxidation of sulphur at room temperature is possible under the in-

fluence of soil catalysts and that considerably large quantities of sulphur are oxidised
in unsterile than in sterile soils. These findings were later confirmed by ‘ Maclntire,
Gray and Shaw [1921].

’

While photo-oxidation of certain nitrogenous compounds was being studied
in this laboratory, it seemed interesting to see if elemental sulphur ooxild also be
oxidised photo-chemically.

Experimental

One gram of Kahlbaum’s precipitated sulphur and fifty c. c. of water were taken
in each of thirty-two Pyrex glass flasks of 300 c. c. capacity. These were divided
into four sets and each set was submitted to the treatment as shown below

1. No treatment.

2. One gram zinc oxide per flask.

3. One gram animal chracoal per flask.

4. Five grams field soil per flask.

A fifth set of eight flasks each containing fifty c. c. of distilled water and five
grams of soil was also prepared to see if there was any change in the sulphate conten t

of the soil on exposure to the sun.

The flasks were plugged with cotton wool and sterilized in flowing steam for
thirty minutes on three consecutive days and the plugs covered with paper to pro-
tect them from dust. Four flasks in each set were wrapped with black paper and
these along with the rest were kept in the sun.*

The contents of the flasks were analysed for sulphates by the usual gravimetric-
method after sixty days and the results are given in Table I.

experiments described in this paper were all carried out during gnmTr,Ar

(
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Table I

Showing photo-oxidation of sulphur

Set
No.

Description

Grm. barium
fiai

Exposed

sulphate per I

sk

Unexposed

Mean
difference

1 Sulphur without cataly.st 0*0044 Trace 0*0060
0*0042 Sf

0*0062
0*0064 S»

2 Sulphur -p zinc 0*0124 Trace 0*0097

oxide 0*0098 99

0*0090 99 "

.

0*0078 ?>

3 Sulphur + ... 0*0964 0-0600 0*0443

animal charcoal .
0-0926 0-0430
0-0900 0*0478
0*0888 0*0496

4 Sulphur 4- soil .
0*0700 0*0164 0*0634
0*0726 0*0172
0*0684 0*0162
0-0670 0*0148

5 Soil without sulphur . 0*0078 0-0078 O-OOOl
0-0072 0-0070
0-0072 0-0074
0-0076 0-0072

1

The original sulphates in one gram of animal charcoal and fi¥e grams of aoil

were also estimated and found to he 0* 0100 grm. and 0* 0074: grm. respectwely

when weighed as barium sulphate.

It is evident from the above figures that sulphur is oxidised photo-chemically.

Zinc oxide showed only a feeble catalytic action. The action of animal charcoal

and soil, however, was more pronounced.

In the cases of animal charcoal and soil the oxidation of sulphur proceeded also

in the dark.

Another experiment was conducted to see if the oxidation of sulphur could be

stimulated by an alkaline solution*^^
^

^

^

^
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One gram of sulphur, two grams of animal charcoal and fifty c.c. of water were

added to eight different flasks. Of these four flasks received 5*0 c.c. iV/lO sodium

hydroxide each and the flasks after sterilization were exposed to the sun. The

contents of the flasks were analysed after five months. The results given in Table II

show a slightly greater degree of oxidation in the flasks containing soda«

Tabi^ II

Showing the oxidation of sulphur in the presence and absence of sodium hydroxide

Serial

No.

j

Gm. barium sulphate per flask
t

'

'

'

;

DifferenceWith sodium hydro-
xide

!

Without sodium hy-
droxide

1

1 1

0*1770 0-1722 0*0048

2 !
0*1698

1

0*1682 0*0116

3
1

0*1776 0*1600 0*0176

4
1

0*1734 0*1668 0*0176

Mean
1

0-1744
1

0-1616
1

0-0129

A statistical examination of the differences given in the last column of the

above table was made. These values were found to be subject to a standard devia-

tion of ±0 * 0061 . The standard error of the mean difference was therefore estimated

to be or 0*003. The significance of the mean difference 0*0129 was

tested against its standard error by Fisher’s ‘ t ’-test. The value of * ^ ’ was
determined to be 4.2. The expected value of ‘ i ’ from Fisher’s ‘ t ’-table

for level of significance 0*05, was found to be 3*18, which is less than the

value obtained from the differences examined. The effect of caustic soda on the

oxidation of sulphur was thus found to be quite significant.

The oxidation of sulphur in soil may either be bacterial, chemical or photo-

chemical. In order to compare the bacterial oxidation of sulphur in soil with the

other two processes, 200 grms. of soil were taken in three separate conical flasks of
600 c. c. capacity and two per cent of sulphur was added in two of them. A mois-
ture’*' content of 13 per cent was supplied to all three. In one of the flasks containing ^

sulphur moisture was supplied by the aid of a mercuric chloride solution saturated

*Thii*teen per cent moisture was the optimum for the activity of aerobic bacteria
in the soil.
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at 25°C. and in tEe others with distilled water. The flasks were exposed to the

sun, and the loss of moisture was made up from time to time, and the contents of

the flasks analysed after sixty days. The absence of sulphur-oxidising bacteria

ill soil treated with mercuric chloride was tested before analysis. About a gram of

the soil was inoculated in each of the six conical flasks containing fifty o.c. of

sterile medium of the following composition

Ammonium sulphate 0*2 grin.

Magnesium sulphate • * • • ... 0*5 „

Mono-potassium phosphate . . . . , . 1-0 „

Calcium phosphate reprecipitated . . . • 2*5 grms.

Sulphur . . . . . . . . . 10*0 „

distilled water . . . . . . . , 1000 c.c.

-y phosphoric acid sufficntie to adjust the reaction to pH 4*0.

Three of the flasks were again sterilized and these along with the rest were kept

In the incubator at 30°C. The reaction (pH) of the contents in each flask was
determined after six weeks and was found to be the same in all case^s, showing that

the soil was free from sulphur-oxidising bacteria.

The results given in Table III show that chemical oxidation of sulphur in soil

is very slight compared with biological oxidation.

Table III

ShowiTig the oxidation of mlphur in mil

Grm. bai’imn sul-
Treatment phate from 5

grams of soil

Boil alone . . . . . ... . : 0*0058

Boil 4- sulphur . . . • • * 0*2222

Boil +sulphur-f mercuric chloride ... 0*0092

effect.

Conclusions

L Elemental sulphur is oxidised photo-cbemically.

2. Zinc oxide, animal charcoal and soil act as photo catalysts.

3, Chemical oxidation of sulphur in soil is negligible compared with the biological

N..
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INTRODUCTION '

-
' V

The activities of the Punjab- Department of Agriculture in investigating and
developing tlie. production of cane in this Province date back.to 1911, when Gtirdaspur,

th,e district with the then largest area under cane, was selected for starting work
oil varietal tests.

These tests were carried out at the Gurdaspur Agricultural Experimental

Station over a period of seven years, and the results published as a Bulletin of

Agricultural Research Institute, Pusa [Barnes, 1918],

Similar work was also carried out during this period at Lyallpur.

The necessity for more extended systematic work both on cane growing in the

field, and factory requirements was recognised, and in 1919 the Government of

India appointed the Indian Sugar Committee under the Chairmanship of Mr. J.

Mackenna, Agricultural Advisor to the Government ofIndia, whose terms ofreference

were to investigate the possibilities of organising and developing the sugar industry

of India.

This Committee published its report in 1921 and made certain specific recom»

mendations in regard to the Punjab, to the effect that work should be extended on

trials of improved varieties imported from other Provinces, exotics, and also improved

crosses from Coimbatore.

These recommendations were given effect to, and as a result of subsequent

investigations on most of the main Government Farms, a number of approved new

varieties was adopted by the cultivators of the Punjab.

In August 1926 Mr. Noel Deerr of Messrs. Begg, Sutherland & Co. was invited

by the Director of Agriculture, to tour the principal cane growing areas of the Punjab

with the object of studying the cane situation then existing, and to advise on the

possibility of establishing efficient modern factories to supersede the acknowledged

inefficient methods in vogue.

Mr. Noel Deerr recognised that some of the new varieties such as Co. 206,

Co. 22Sj etc., had been definitely adopted in various parts of the Province and that

theygave yields far in excess of those hitherto obtained by the old indigenous varie-

ties such dbsKatha, KahUi Dhaulu. eto. In his report submitted in November 1926j,

he also laid stress on the fact that for the successful working of a sugar factory it

was essential that the crushing season be extended to the middle of April and that the

high yielding new Coimbatore canes should supplant the desi varieties.

This report was considered by the Sugar Sub-Committee of the Joint Develop-

ment Board, as a result of whose deliberations, it was suggested that the Agricultural

Oliemlst to Government, Punjab, should carry out a systematic analytical survey



216 INDIAN JODKNAL OF AGRICULTUEAL SCIENCE [V, II.

of the canes grown in the Kamal, Gurdaspnr, and Jullundur districts, as it was
considered that these were the districts which might prove most suitable for estab-
lishing factories.

An important aspect of this enquiry was to ascertain the effect of frost and other
factors on the various varieties grown in these areas, with the particular object
of finding out those canes which could keep a factory supplied with ripe raw material
throughout an economic working season.

A systematic enquiry based on these lines was accordingly carried out in the
districts mentioned over a series of years from 1927 to 1932, the results, of which
are presented in the following pages.

The following localities were surveyed :

—

1.

Kamal md Rohtak districts, representing the south-eastern sugarcane
growing tract of the Province (the survey in this area came to an
end in 1930-31).

2. Jullundur and Hoshiarpur districts, representing the Central Punjab
and,

'

3. Gurdaspur and Sialkot districts representing the sub-montane tracts.

^

A chemical assistant was posted to each and arrangements made for representa-
tive types of selected canes to be analysed at fortnightly intervals throughout the
cane season from November to the middle of April, both from the Government
Farms and from the land of zamindars at various spots throughout the districts.

1. The South-Eastern Tract {Kamal and Rohtah districts)

(a) Oeneral physical and elimatie conditions.--KerneX and Rohtak which contain
the largest areas under sugarcane of the south-eastern cane growing districts of thePunjab belong to the Western Gangetic Plain, with a mean annual rainfall of about24 inches The soils of this area consist mostly of medium loams, which are siiffi!ciently retentive of moisture, and, given adequate irrigation, are extremely fertile

The oonsimption of sugar in this area is high and there is a big local demand bothfor raw and refined sugar.
oowi

* w
occurrence as in some other parts ofthe Province andthus this tract offers very suitable conditions for cane growing. The high tempera-

fZth
humidity, which are experienced are very favoimablehe growth of cane during the monsoon period, but unfortunately, these conditionsro limited in dimation. and are offset to some extent by the earlier hot drv monthsand the sueceedmg cold season,
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These climatic factors with extremes of temperature necessarily impose certain

limitations on the yield and quality of cane produced.

{/)) A'jrlGiiUural As the cane growing tracts of Rohtak and Kamal
are only separated by the River Jumna from the corresponding districts of Meerut

and Muzaffamagar of the United Provinces, they show similar climatic factors

and the general agricultural methods employed are essentially the same.

The soils are alluvial, varying from some stiff clays in the Karnal district it'

clay and medium loams in a more southerly direction. Hence with a well distri-

buted rainfall of 25 inches per annum, supplemented by canal or well irrigation they

are eminently suitable for cane.

The rotations usually followed are

1. Wheat—>Maize—>lfe^A6» and Sugarcane.

2. Sugarcane~~>Wheat"“>J<5w;af, Roym or and Gram.

J. Sugarcane Wheat ->Ohiliies or Cotton.

4, Sugarcane"“~>Wheat J'oie;ar, Rq/m, or Cotton and ilf

5, Sugarcane' ->Wheat~>Cotton5 Wheat or Wheat+Gram (mixture).

Sugarcane and wheat are invariably manured, farmyard manure being used

and applied to every crop when available. In a normal year cane receives from.

400 to 600 mds. ofmanure per acre, from 10 to 15 irrigations, and is intercultured

from 6 to 10 times with hand implements.

(c) Varieties of cane grown,—Most of the local varieties ripen early. Lalri,

a thin cane, resembling Katha, more common to the Central districts, is extensively

grown on well and canal irrigated land in the Karnal, Rohtak and Gurgaon districtb.

It has a good tillering capacity, is a hard frost resistant cane and is capable of

surviving conditions which would be fatal to medium or thick varieties. The yield

in juice is lower and the cane more fibrous than Suretha, but the juice has a high

sucrose content.

The outturn is from 15 to 18 tons of cane per acre, giving about 1 - 5 tons of gur.

Suretha is a thicker, softer and whiter cane than Lalri, requires more irrigations

and is liable to sufler from drought, but under suitable conditions it attains a con-

siderable height and yields about 20 tons or even more per acre.

Bhaulu, which is a white, soft, chewing cane, is usually grown with Bodichin

under barani conditions. Its average yield per acre is 25 tons of stripped cane

yielding from 2 to 2*5 tons of which fetches a high price in the market.

Manure is not usually applied to Dhaulu, wliich follows the rotation Cane

—

Iallow—Cane. This variety, however, is particularly susceptible to frost and pests,

and suffered very severely in the 1928-29 season on this account.
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Of the Coimbatore varieties, Co. 205, Co. 213, and Co. 223, were usually grown on

an area -wliieli was increasing year by year.

Co. 205 gives a comparatively low sucrose content and higli glucose ratio,

possesses a long deep root system and will tolerate the disadvantages of barani tracts,

poor and indifferent cultivators, and is immune to most of the prevalent diseases of

cane.

Its yield in this locality has been about 2*5 tons of gur per acre, although far

greater yields have been obtained at the Lyallpur Agricultural Station.

Co, 213 and Co. 223 resemble each other as regards their sucrose and glucose,

content and high yields which amount to about 3 tons of gur acre/provided

sufficient manure and watering is given, but otherwise the yield is much lower,

Co. 223 is, however, a soft cane and consequently liable to damage by jackals and
other animals, and on this account it has lost favour with the cultivators to such

a degi'ee that during the 1930-31 season, it was not grown on any appreciable

scale, while the area under other improved varieties steadily increased.

Other varieties, such as Co. 300, and Co. 312, have also been introduced in these

iocalities. The Coimbatore varieties, in addition to their high yields possess con-

siderable power of ratc onihg, and this is an additional reason for their increasing

popularity.

{d) Period of oiitimum ripeness ,
—^Harvesting generally begins by the middle of

November, and is continued till the end of February, although, occasionally, when
winter rains delay ripening, it extends well into March.

The above-mentioned varieties provide lor a crushing season of about 4 months
which is requisite for the successful working of a factory, although the average
zamindar prefers to clear his fields at the earliest date possible. The period of

optimum ripeness, the requirements of the zamindar and the needs of the factory

require, therefore, careful adjustment if the best all-round advantage is to be
obtained.

The introduction of high yielding new varieties is no doubt helping tlie zamindar
to extend the period during which his cane can be left standing, but in order to

conform to general agricultural practice in these localities, an extension of the crush-
ing season must be combined with the introduction of early ripening varieties, which
owing to high yields and frost resisting qualities will be able to replace the local Lalrb

Analyses of different varieties of cane during the years of the survey show that
canes in a mature condition fit fo r crushing are available by the first week of Decem-
ber and may continue so until the first week of April (Table VIII).

Co, 300, Co. 301, and Co, 313 are early ripeners and have done very well in
Jullundur and Gurdaspur, and there appears to be no reason why they should not
do equally well or better in the more equitable climate of the south-eastern Punjab
to which they have recently been introduced, although analytical data have not yet
been obtained.
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(e) Quality of the cane .
—^^Qiiality is an important consideration in factory

requirements. Not only is it necessary to have a cane with a low fibre content,

but as thick a juice as possible is desirable from the point of view of fuel consump»

tion. A high purity coefficient and a low glucose ratio are also necessary, otherwise

the sucrose fails to crystallize out properly as white sugar.

These factors are revealed in Tables I—^VII of the analytical data collected

during the years of the survey. The canes were analysed at fortnightly intervals

from November to the middle of March and the figures shown are the averages of

those obtained during the periods of optimum ripeness.

(/) Comparison of indigenous and Coimbatore varieties.—^From the data collected

it is easy to interpret the value of the two types of cane, which is summarised in terms

of comparative average figures below :

—

Outturn in tons per acre

Stripped Juice

cane

Sucrose Glucose
|

Purity
ratio

;

coefficient

1‘50 84-38

Coimbatore

It is clear that the Coimbatore varieties are in every way superior to the local

varieties.

The glucose ratio is certainly higher, due to the inclusion of Co. 205, which has

an exceptionally high glucose ratio and, but for its high yielding capacity and ability

to withstand unfavourable climatic variations, would never have become popular

either for gur or sugar production. It is, however, being gradually replaced by

better types.

ig) Effect of frost.—As already stated these districts do not usually experience

severe frost, and it is an uncommon experience to find cane damaged on that account

to any appreciable extent, although when the whole Province experienced a fairly

long spell of severe frost in the 1928-29 season, its effects were felt on the cane crop in

these districts, and these will be discussed later in connection with the canes from the

ceubral and sub-montane areas.

0
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2. The Central Tract (Jullundur and HosMarpur districts)

() General physical and climatic conditions,—^These two districts lie between

30® W N. and 32® 58' N., being bounded on either side by the Sutlej and Beas, and

form what is commonly known as the Doaba.

This area contains about 17 per cent of the total area under cane in the Punjab

and has for long been regarded as the focus of the sugar industry whose decline in past

years was largely due to foreign competition in Indian markets.

In the HosMarpur district the northern half of which is a mountainous tract

containing the Siwaliks, a series of low-lying rocks forming the Sub-Himalayas and

consisting of tertiary sandstone, clay and boulder conglomerates, runs along its entire

length, the long strip ofland from 3 to 8 miles in width bordering on Jullundur known
as the Sirwal, is the most fertile part of the district in which most of the cane is

grown.

The land lying between the Sirwal and the river Beas, known as the Bet, is

unirrigated, and in it cane is produced under * barani ’ or ' sailab ’ conditions,

rendered possible by an average rainfall of 30-35 in. and a soil which does not dry

rapidly.

The Jullundur district, however, further away from the foothills of the

Himalayas, is better and has an annual rainfall somewhat lower, viz., 26 inches, and

consists of a vast expanse of rich alluvial soil considered to be one of the best in the

Punjab. The Dhak and Manjki tracts, which lie towards the south of this district}

and the Sirwal tract just to their north, are the most suitable for the production of a

sugarcane crop about 85 per cent of which crop is irrigated.

() Agricultural practice.—The Jullundur district is dependent very largely on

well irrigation by means of Persian wheels, and the crop rotations generally followed

are:

—

1. Wheat—>Mai2;e'—>Cotton-~>>Sfe7ij^—^Sugarcane.

2. Wheat—^Maize—^/Smji—^Sugarcane.

3. Wheat— G^waya~>Sugarcane.

Farmyard manure is generally applied to maize and cane in the first rotation

and to maize or chari-guara in the 2nd and 3rd rotations respectively, the usual rate

of application being from 150 to 300 maunds per acre. In some localities ammonium
sulphate applied to the various fodder crops, or to the cane itself, has been used with

marked success, and Co* varieties invariably give the best returns when conditions of

cultivation, irrigation and manuring are favourable.

Zamindars have now learnt to appreciate the necessity of an adequate supply of

manure, and since the quantity of farmyard manure available is limited, castor cake

has been tried in some places with success.

In the Hoshiarpur district most of the cane is unirrigated, being grown under
‘ boTWi ’ or ‘ sailctb ’ conditions, although there is an innundation canal known as the
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Shah-Nalir wMch, irrigates parts of the Bet lands. No definite or fixed rotations

are followed in this tract. In the Bet area ratooning is very commonly practised

and it has been found that the second and third crops give better yields than the first.

This practice is sometimes extended to the 6th or 7th year although the yield generally

begins to fall off after the fourth year.

(c) Varieties commonly grown ,
—^During the first year of this survey, 1927-28, the

most common indigenous varieties grown were Ponda, Katha, Bhaulu, and Yuba^
together with Kinara and Ekarto some extent, Katha everywhere predominated,

however, and was the only cane grown under ‘ barani ’ condition.

Ponda was grown chiefly near towns, but had never been used for sugar making
;

Dhaulu was confined to * chaM ’ lands, while Yuba, owing to its great susceptibility

to frost had almost disappeared.

The most important new varieties introduced have been Co. 205 and Go. 223,

with Co. 213, as the latest arrival.

During the second and third year of the survey, 1928-30, although Katha was

the only local variety found in any quantity in these two districts, some cultivators

adopted the new Co. varieties to the entire exclusion of local ones, and inspite of some

prejudice against it Co. 205 retained its position as it adapted itself better to ratooning

and was not liable to attack of white ants, jackals, etc.

Co. 223, owing to its high yields, and producing a better quality gur, was very

enthusiastically taken up to begin with. It showed, however, the disadvantages of

having a characteristic hollow in the pith, and a spHt in the skin which rendered it

liable to attack by pests and was gradually discarded, so much so, that by the time

the survey was concluded it had almost gone out of cultivation, except on poor

lands. On,the other hand Co. 213, owing to its good yield, high sucrose content, great

vigour and excellent behaviour at maturity was enjoying an increased popularity.

In the 1931-32 season three more varieties Co. 281, Co. 285, and Co. 290 were in-

vestigated in more favourable parts of the district. Co. 285, in addition to being as

high yielding as Co. 205, showed equal vigour and was also an early ripener with a

low glucose ratio, and has in consequence largely replaced both Katha and Co. 205.

(d) Period of optimum ripeness .—^Ratoon and ‘ barani ’ crops which ripen early

are generally the first to be harvested, thus Katha is ready by the middle of Novem-
ber and sometimes earlier and crushing is finished before the advent of frost.

The Coimbatore varieties, on the other hand for the most part, ripen late.

In tract ' B ’ including the Bet area of the Hoshiarpur district (Tract ‘ A *

includes the Dhak and Manjki areas and tract ‘ B ’ includes the Sirwal and Bet lands

around Tanda and the Government Agricultural Farm at Jullundur) frost is usually

very severe, and unless frost resisting varieties are introduced for the later part of the

season, a prolonged crushing season is not possible for factory requirements.

o I
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11.

Part of the Juliundur Tehsil, and the whole of the area included in tract ' A ®

are well adapted for a long crushing season, with Katha and a correct selection of Co

varieties.

The periods of optimum ripeness of the varieties of cane analysed during the

entire period of the suiwey are shown in Table XVII.

It appears from this that in normal years crushing could start before the end
of November and be continued to the middle of March, the actual period in any year
being liable to vary according to the climatic conditions prevailing.

A prolonged dry season at the beginning of winter would tend to ripen the cane

earlier and conversely a long spell of wet weather would retard ripening.

Thus in 1932-33 the season was absolutely dry from the first week of September

to the thiid week of December, and a dry cold January and February succeeded

with 28 frosty nights, the result of which was a crushing season which extended from

November to the end ofApril, viz., 175 days compared with 130 days in the previous

year.

Manuring also has a decided effect on the ripening period, generally delaying it

,

and it is a common observation that most practices which in any way help to

increase yields such as excessive water supply, manurhig, etc., tend to delay ripening.

Thus in irrigated areas these two factors give the farmer a certain degree of

latitude in controlling the ripening period of his crops,

(e) Quality of the canes .—^The data presented in Tables IX to XVI show the yields

per acre and the composition of the juice from the different varieties of cane analysed

i

As in the case of the Gurdaspur canes, it will be seen that the composition of any
variety varies only within very narrow limits from year to year, unless of course, a

cane be badly attacked by disease or pests, as was the case with Co. 213, Co. 281, and

Co. 285 at the Juliundur Agricultural Farm during the 1930-31 season and with

Co. 223 at Khothran when the sucrose percentage fell as low as 5*7 (^ee page 233).

Very considerable differences in tonnage yield are, however, experienced with

the same cane from year to year, or at different localities in the same year. For

example the average yield of Co. 223 was 15*4 tons in 1928-29 as against 26*83

in 1931-32, the reason apparently being that the former season was a uniformly bad

one for the cane crop while the 1931-32 season was a very good one.

Again in 1928-29 the yield from this variety varied from 8 • 6 tons at Jindowal to

23 tons at Nawapmd, while Katha varied from a yield of 8 • 9 tons at Sargondi to 20 * 3

at Bhoondian, due to what may be termedMocal causes

Taking into consideration these differences in yield the average figures given

in Table XV show representative ‘ normal
'
yields, such as may be expected for the

locality, unaffected by adverse or very favourable conditions.
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(e) Local and Ooimhatore varieties.—^Table XVI shows the comparative figures

for the different local and imported varieties averaged over a number of ^mars, and as

the following figures indicate the new varieties are very superior to the local ones.

Outturn in tons per acre

Stripped
cane

Juice Total
solids

Sucrose Glucose
ratio

Purity
coefficient

Local (Katha) . 15-80 9-01 1-71 1-43 2*1

1

83-1

Coimbatore 24-09 15*68 2-89 ' 2-45

i

3*3 84-6

As was found in the southern Punjab, the glucose ratio is higher for the Coim-

batore than for the local varieties, and for the same reasons, viz., owing to the inclu-

sion of the inferior Co. 205, and here also, this cane is disappearing as better varieties

become available.

3. The Sub-montane Tract (Gurdaspur and Sialhot districts)

This circle comprises the districts of Gurdaspiir, Sialkot, Gujranwala and
Amritsar and is one of the largest cane tracts in the Punjab, growing about one third

of the total cane of the Province or about 5 per cent of that grown in the whole of

ndia.

The soil of this circle is a medium loam of average fertility, although in some
parts of the Gurdaspur and Sialkot districts, which constitute the sub-montane tracts,

the soil is very badly drained, and alkali conditions are commonly met with in the

Gujranwala and Amritsar districts. The rainfall which occurs mostly from July

to September averages from 30 to 40 in. per annum, and increases towards the MUsj

while, frost is of annual occurrence and damages the crop according to its intensity.

The riverian tracts of the Beas and Ravi rivers are especially noted for sailab

Canes, and only a few of the newer selected varieties such as Co. 205 and Co. 285,

which can withstand water-logged conditions, can be grown in such localities
; as a

r esult of the environment however, these have become very soft and the yield

varies greatly being very low, for example in the Pathankot Tehsil as compared with

Batala further south.

(a) Agricultural practice.—As already noted Gurdaspur is one of the largest

cane growing districts of the Province, most of the cane being produced under
' harani ’ conditions although well and canal irrigation is also practised.

The ‘ harani
^

area includes the sailab lands which are a very interesting feature

of the district as regards the sugarcane crop.
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The most common rotation followed on these lands is sugarcane—sugarcane,

or vSiigarcane—^wlieat, farmyard manure being applied only to the cane.

In the Tehsils of Batala and Gurdaspur the usual rotation followed, both on

canal and well irrigated lands is, wheat—^maize

—

senji—cane, the manure being ap-

plied to the maize only as a rule, at the rate of about 200 mamids per acre, although

when available a little is also applied before sowing cane.

The cultivators of this district, apart from those of the Batala Tehsil are,

generally speaking very indifferent and take little pains to cultivate the fields properly,

with the result that low yields of cane are a common feature.

Under such inadequate and superficial conditions of cultivation the cane plant

develops a shallow and inferior root system, a condition intensified by an excess of

moistui'e, with the result that the cane frequently lodges. The percentage of fibre

thus increases and that of juice falls, and both quality and. yield are therefore

adversely affected.

(6) Vandies of cane .—The history of different cane varieties met with in the

Gurdaspur district presents some interesting features.

During the first year of the survey in 1927-28, Yuba, Dhaulu, Katha, Co. 205,

and Co. 223, wore the chief varieties grown, with Kansar, Kahn, Reora, and

Kenara to a lesser extent.

Yuba is a soft cane and was grown chiefly owing to its superior quality and high

juice content. Owing to its susceptibility to attack from insects and diseases,

however, it has gradually been displaced by Co. 205 and Co. 223.

Dhaulu was generally grown on a rich loam soil, having a good water supply,

while Katha was, and still is, grown extensively under 6amm conditions. Katha

owes its survival to the superior quality gwr produced from it, and to the fact

that it will withstand the effects of frost better than many other local varieties.

Otherwise, owing to its low tonnage yield, and high fibre content it would have dis-

appeared long ago.

Co. 205 owes its popularity to its being a thick skinned hardy cane, able to

withstand frost, drought and wate.r-logging, but it has the disadvantage of giving

a low quality juice with a somewhat brackish taste,

Co. 223 is free from this defect and gives good yields, but it is soft and juicy and

is thus liable to attack by insects and wild animals.

By the year 1929-30 Co. 285 had also become established at a number of places.

Succeeding years have seen a steady increase in the area under Coimbatore

varieties, the extension apparently being limited by the supply of seed available, so

that in 1931-32, Co. 213, and Co. 285 were grown extensively while Co. 205 and

Co. 223 were losing favour. During succeeding years Co, 285 continued to be widely

grown together with Co. 213, Co. 290 and Co. 300 while Co. 205 and Co. 223 had

almost entirely disappeared. This obviously indicates that the zamindar is willing
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rapidly to adopt improved varieties once he is convinced of their superiority and

the higher profit accruing to himself by so doing.

In the Sialkot district, where, as late as 1929-30 the chief varieties grown were

the local canes, Bhaulu, Katha, Kahu, or Maithu, the Coimbatore varieties have

made rapid headway ;
in 1932-33 the last year of the survey, Co. 205, Co. 223, Co. 285,

and Co. 290, were largely grown, and there is every indication that the zamindar is

only too willing to replace low yielding indigenous varieties by better types, to the

extent that seed of the latter is available.

(c) Period of optimum ripeness —The ripening period generally extends from the

middle of December to the end of March, although local zamindars start crushing for

manufacture a month earlier.

It will be seen from Table XXVI that Bhaulu is an early ripening variety, and

so may be judiciously employed to assist earlier crushing. None of the Co. varieties

ripens as early as Bhaulu. Co. 285 and Co. 290 are not ready till Becember, so the

introduction of such types is obviously necessary if the crushing season is to be

extended. The types chosen must, however, be frost resisting as far as possible.

If these canes are kept standing beyond the end of March, speedy deterioration

sets in, except when the winter is unduly prolonged, as was the case in 1930-31, when

ripening was considerably delayed in consequence.

It is possible now by a correct selection of types to assure a crushing season of

120 days extending from the first week of December to the last week of March

(Table XVII).

Quality of canes .—^The analytical data on the different varieties of cane investi-

gated during the survey are shown in Tables XVIII to XXIV, the figures given being

as in the case of the south eastern Punjab, the averages of those found during the

period of optimum ripeness. It will be observed that, with the exception of those

canes which suffered from disease, such as red rot, or had been affected by frost at

the time of their maximum ripeness, the composition ofthe juice varied only within

narrow limits, and may be said to have remained practically constant in different

seasons. The chief factors responsible for varying tonnage yields are the soil,

cultivation, manuring and the effect of the seasons.

Thus the yield of Co. 205 varied from a minimum of 11 • 9 to a maximum of 22-7

tons, that of Co. 223 from 15*6 to 20*2 tons, that of Co. 285 from 16*4 to 22*25 tons

and of Co. 290 from 16*7 to 21 • 3 tons per acre.

Tables XXV and^'XXVI show at a glance information useful alike to the

grower and the manufacturer,
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{d) Indigenous and Coimbatore varieties.—In the following table are shown

the average figures for all the local and Coinabatore varieties analysed at all the

different localities during the period of the survey :~

Outturn in tons per acre

Stripped
cane

Juice Total
solids

Sucrose Glucose
ratio

Purity
coefficient

Local 12 '02 7*15 1*29 1*09 5*16 83*1

Coimbatore 17*90 11*16 ' 2-06 1*77
1

1

4*87
i

86*0

The advantages of the Co. varieties are more pronounced in this tract than

in the case of the Karnal and Rohtak districts, the outturn per acre in stripped cane,

juice, total solids and sucrose of the new varieties being more than 50 per cent in

excess of the figures from the local varieties, as compared with an excess of only about

20 per cent in the South Eastern Punjab.

This smaller difference of 20 per cent, in favour of Coimbatore varieties in the

South-Eastern Punjab is largely due to the influence of Suretha which is not only one

of the best local varieties of the province but compares favourably with the improved

new varieties. The low average glucose ratio of the new varieties in the Gurdaspur

area is due to the inclusion of Co. 214 which has a very low glucose ratio viz., 1*9

,

and which, but for its low yield would undoubtedly be one of the best early ripening

canes.

The effect of fbost on sugabcanb

From a climatic point of view, the Punjab does not appear to be pre-eminently

suitable for the cultivation of sugarcane, as it lies between 27° 39^ and 34° 2" N.

and experiences a range of temperature from below freezing point in December

and January to a maximum shade temperature of 118°P. or more at LyaUpur in

May and June.

During the ripening period cane shows a progressive increase in the sucrose

content with a corresponding decrease in invert sugar or glucose winch continues

till the cane is mature.

The effect of frost at any time during this period not only checks ripening but

reverses the above process, although not all varieties are equally affected, and some

recovery may take place if the frost is not too prolonged or severe.
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Sugarcane may thus be divided into three groups depending on their reaction

to frost

(a) Frost-resistant (unaffected or almost unaffected by cold),

(b) Semi-resistant [these include varieties which are either (1) slowly

affected by frost or (2) quickly affected but also quickly recovering

from its ill effects],

(c) Non-resistant (varieties which are quickly affected and which either fail

to recover or recover very slowly).

It is most important therefore in the Punjab to select as far as possible frost*

resistant varieties or the benefits of an otherwise good season may be largely nul-

lified at a critical period if frost supervenes.

Special attention has accordingly been directed during these surveys to the col-

lection of data which will enable different varieties of cane to be classified according

to their capacity to resist frost and the following have been specially investigated :

—

Desi.—^Uba, Katha, Bhauiu, Lalri and Suretha,

Coimbatore.—Co. 205, Co. 213, Co. 223, Co. 270, Co. 281 Co. 285, and Co. 290.

Some account will now be given of the effect of frost on these canes.

During the first year’s survey (1927-28) there was no frost in the Kamal and

Rohtak districts, nor any of sufficient severity or duration in other districts surveyed

to affect the cane.

In the succeeding sugarcane season, i.e., 1928-29 jvery severe weather, with con-

tinued frost occurred at a time coinciding with the maturity period of the cane, and

adversely affected its maturing throiighout the Province.

In the year 1928-29 the minimum temperatures (in shade and at a height of 4

to 5 ft. above the ground level) recorded at Gurdaspur, Jullundur, and Kamal
were 27*7®C., 30°C., and 38°C., respectively. (It must be remembered that the

actual minimum temperature experienced by cane is always considerably lower

than the minimum as recorded by the thermometer.) The dates on which frost

actually occurred are shown below.

;

December January February

Gurdasjjur . 27,29 7, 21-22, 31 1-2, 4, 6, 13, 16

Jullundur . . . , 27—30 6—10, 21—23, 31 1-2, 12

Kamal . . . : . 6, 19-26, 31 31 1-2

The effect of sustained frost adversely affected both the physical condition of

the canes and the quality of the juice. The leaves withered, buds were killed and

the cane was rendered quite unfit for purposes of seed.
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Tlie effaot on tlie quality of tlie juice was different according to the variety.

Early ripening varieties suffered inversion of the sucrose; i.e., conversion into

glucose and a return to what might be considered a normal sucrose content was

rarely attained.

This may he' seen from the analyses of.Dhaulu and Katha shown in Tables

XXVII and XXYIII for the year 1928-29.

During mild frost in December and January, the sucrose-glucose ratio in the

Coimbatore canes in general showed irregular fluctuations, indicating the possibility

of recovery. Succeeding sharp attacks on January 31st, February 1st and 2nd,

1929, rendered future recovery out of the question however, except in the case of

certain varieties which showed some improvement.

Of the three varieties, Co. 205, Co. 213, and Co. 223, which alone, amongst

the Coimbatore canes, were available in a sufliciently large number of localities,

Co. 213 in most cases showed almost complete immunity, being followed by Co. 205

and Co. 223 in this respect. If, however, we groiijj together the number of caseg

in which these latter two canes showed either resistant or semi-resistant qufulities

there is little to choose between them.

In the South-Eastern Punjab mild attacks of frost appeared not to have affect-

ed the canes, but the severe attacks on 31st January and 1st and 2nd February 1929

did adversely affect them.

The early ripening variety, Dhaulu, and also Larli and Suretha at some places,

however, were so badly affected that they were unable to recover, while Co. 205,

a late ripener, in three cases out of four, and Co. 213 and Co. 223 in 50 per cent of

the cases investigated recovered completely.

At the Gurdaspur Agricultural Station it was noticed that Co. 281, an early
,

ripener, is one of the best frost resistant canes, while Co. 285 and Co. 290, which
J'ipen in January, were also able to recover from the ill effects of frost.

In the 1929-30 season cane in the Gurdaspur district suffered more from hail

in October than from mild frost experienced later on, while no appreciable perma.
nent ill effects were noticed in the Sialkot and southern districts.

In the central districts, viz,, Jullundur and Hoshiarpur, the wec^ther was Ararmer
during the ripening period than in the same period of the previous year, although
therewere24frostynights. Severe frost from, the 19th to the 21st January, how-
ever, caused a reduction in the sucrose content, but the canes on the whole
recovered.

In 1930-31 frost occurred intermittently from early December till the end of
February and its effects were intensified by the previous dry weather. The lowest
temperatures recorded were 28^F. at Sialkot on 1st January 1931, 29 -6'^F. at Giir-
daspur on 22nd December 1930, and 28°F. at Jullundur on 22nd and 26th December.
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It has been observed that the degree of frost a cane can withstand is modified

to some extent by the nature and moisture content of the soil, and that canes grow-'

ing on light loams siiifer less than those on stiffer soils. Furthermore an applica™

tion of potassium nitrate as a manure conferred some degree of immunity.

In the Jullundur and Hoshiarpur districts the monthly average maximum tern*”

perature from
' May to April was higher,- and the average minimum lower than in

the two previous years. The Sirwal and Bet lands near Tanda experienced th©

heaviest frost of the season and Katha cane at Jabboal suiffered heavily in early

December, when its glucose content increased from 0*11 per cent' on December 8th'

to 0*54 per cent on the 19th December. This and succeeding attacks so damaged

the cane that the glucose content never recovered to its original low value (Table

XXIX).
. „

'

„

.

The Coimbatore varieties, however, particularly Co. 213, which ripened late,

after the frost, showed hut little iU effect, although Co. 205 in five cases out of

fifteen, and Co. 223 in one case out of four succumbed. It may be pointed out, how-

ever, that in the case of Co. 205, the crop (ratoon and plant) at Jhingar Kalan (fig. 9)

and Bhondian as in the case of Co. 223 at Basulpur experienced the sharpest frost

in the district, while Co. 205 at Lahrara was infested by P3n:illa (fig. 9).

The winter of 1931-32 was comparatively mild throughout the Province, the

lowest temperatures in the area surveyed being 30°P., 33°F. and 30*5®F* at

Gurdaspur, Sialkot and Jullundur, respectively, and canes suffered very little

damage beyond a temporary set back in some cases in February.

The winter of 1032-33 was unusually long with severe frosts at Gurdaspur and

Sialkot from early December till the efid of January, but these were tempered to

some degree by occasional rain.

A noticeable effect of the prolonged cold was that most of the canes affected by

it recovered in February or March and it appears that the injury caused by fros'fe

is aggravated if it continues very late in the season, when it is usually rapidly suc-

ceeded by abnormally warm weather.

When, however, moderately cold weather succeeds hard frost, the affected

canes appear to have a better chance of recovery.

These conclusions are confirmed by observations made in the Jullundur and

Gurdaspur districts in 1930-31, where, at many of the places surveyed Co. 223 ripened

as late as the end of March, while at the Agricultural Station, Gurdaspur, Co. 223

(both the manured and unmanured crops) ripened as late as April (Tables XXX and

XXXI andFig. 12).

Similarly in 1932-33 at Chandowal, Katha, an early ripening variety, attained

its maximum purity in the first w-eek of April (Table XXXII and Fig, 2).

In the Jullundur and Hoshiarpur areas a timely fall of 2 in. of rain in the last

week of December and early January succeeding a prolonged drought somewhat

mitigated the effects of 28 nights of frost in January and February.
*

, 'A' i' .V
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The had effects, however, were most noticeable on Katha and Co. 300, both

early ripening canes and caused a set back of a month in the crushing season.

Other varieties also received a temporary set back, particularly Co. 213 at

Nakodar, Co. 205 at Miani Afghanan and Khurdpur, and Co. 285, Co. 301 and Co,

313 at Jullundur, while Co. 281 again showed the best resistance.

From these observations made over a period of six years it appears that the

capacity of canes to escape permenent damage by frost depends in the first place

on the intensity and duration of the attack, and is also related to the climatic condi-

tions both before and after the same. Furthermore there is a greater likelihood

of canes recovering from severe frost early in the season than there is from frost later

on when the canes are ripe or nearly so. Generally speaking it may be observed

that no variety is perfectly immune to the ill effects of frost under all conditions.

A cane’s behaviour as a resistant, semi-resistant or non-resistant type during any
season will be determined by the local conditions prevalent at the time. Thus w©
find every variety, in canes where the number of observations have been sufficient?

exhibiting the behaviour of all the above three types. A few selected canes are

illustrated in Figs. 1—16.

The condition of the cane before frost occurs is an important factor in relation

to the effect produced. Healthy canes unaffected by disease or previous drought will

be more likely to recover than those which have been adversely affected in these

respects. Thus a cane subjected to a combined attack of frost and Pyrilla will

seldom recover, as was seen in 1930-31, when almost all varieties examined in the

village of Lehrara in the south Punjab were attacked by Pyrilla, and mild frosts

which supervened in December or subsequently proved fatal (Tables XXXIlI
—XXXV, Figs. 3, 5 and 9). Similarly in 1932-33, Co. 213, Co. 223, and Co. 300
suffered badly from red rot at Raja Sansi with the result that when frost followed

they were never able to recover and the juice was of a disagreeable odour (Tables

XXXVI—XXXVIII).

The effect of irrigation and rain in moderating the effect o^^rost is well known

If the cane crop receives water immediately preceding or at the beginning of

the onset of frost it either does not suffer at all or if it does it can recover in course

of time with little worse effect than a delay in the time of maturity.

For example in 1929-30 in the Jullundur district apart from the mild frost at
the end of November each subsequent frost was preceded by rain with the result

that the crops did not suffer to any appreciable extent, while on the other hand cane s

attacked by Pyrilla appeared to improve, as a result of the insect having been dis-

lodged from the leaves by rain and subsequently killed by the intense cold. Con-
versely the bad effect of frost in the absence of water is illustrated in the case of
Katha canes at Khudda {sailab lands of Hoshiarpur) which did not suffer to so great

m extent from the severe attack of frost in 1928-29> as it did from a comparatively
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mild attack in 1930-31 (Tables XXVIII and XXIX). The explanation of this differ,

ential behaviour seems to lie in the fact that the locality received more than 5*35 in-

of rain in 1928-29 distributed as shown below while in 1930-31, there was a dry period

lasting practically from October to December, and a fall of 1*03 in. of rain in

January did not prove sufficient to mitigate the ill effects of frost in the previous dry

months.

Oct.
I

'

!

Nov.

1

Dec. Jan. Total

1928-29 . , . 0-21 2-52 1-78 0-84 5*35

1930-31 • . . mi Nil 0-16 1*03

i

MS

An illustration of the beneficial effect of rain not only in mitigating the il]

effect of frost but also in prolonging the crushing period of cane may be seen on

referring to Table XI. Katliaisan early ripening, semi-resistant cane, inclined to

succumb to a severe attack of frost. The frost in 1930-31 was one of the severest

during the period of the survey and yet the cane withstood it successfully at Jhabian,

wala near Jullundur city, because, during that year, rain and frost invariably alter-

nated with each other. As will be seen 14 frosty nights from the 8th to 12th and

from the 19th to the 27th of December affected the cane adversely, both by lowering

its purity coefficient and increasing the glucose ratio. The injury to cane due to

furtherattacksoffrost on the 1st and 2nd January would very likely have been

more severe from what we know of similar cases, but for the mitigating effect of

0*62 in. of rain on the 29th January, A fall of T62 inches of rain from the

21st to the 25th of January successfully counteracted the ill effects of eight frosty

nights, on six of which the lowest temperatures of the season were recorded. Thi^

is evident from the fact that inversion of sucrose was negligible. Comparatively

milder attacks of frost on the 29th and 30th of January preceded as they were by

1*62 inches of rain from the 21st to the 25th of January were unattended by any

ill effects. Further rain in February, although it did not produce immediately

favourable effects, was followed by rain in March, and improved the cane so much

that on the 11th of March it attained the highest purity and lowest glucose ratio

of the season.

Other similar harmful effects of frost without irrigation may be seen in the case

of the canes at Jhingar Kalan (Tables XLI to XLIII), while the beneficial effects

of irrigation are well shown in Tables XLIV relating to the Government Agricultural

Farm at Jullundur.

The village of Rasulpur near Tanda Urmur on the Jullundur-Mukerian lin«

usually grows its cane under well irrigation, but in 1930-31 the Co. 223 crop reserv'

ed for analysis received no water during the period of frost owing to the well from

which it was irrigated being out of action. This factor, combined with an absence

of rain in October and November injured the cane beyond recovery (Table XLV),
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On the other hand, in the season 1931-32, when long continued frost occurred

the same yeiriety of cane at the same place received normal irrigation and matured

in a normal manner (Table XLVI).

During exceptionally cold weather, almost all varieties are affected to some ex-

tent, although the resistance to moderate cold varies. Tables XLVII and XLVIII
show the distribution of different varieties of cane {viz,, frost-resistant, semi-

resistant, and non-resistant) in all the localities surveyed. As will be seen, this

presentation is the result of a consideration of the behaviour of different varieties

of sugarcane in 384 individual cases.
.
It also shows that of the desi varieties non-

resistant types of cane constitute about 37 per cent of the whole -and the worst

sufferers from frost were Katha and Dhaulu, followed by Suretha and Lalri. Of
the indigenous varieties Lalri is one of the best frost-resistant types. Of the

Coimbatore varieties, Co. 270 and Co. 281 may be considered resistant. Semi-

resistant types, which will resist mild frost completely in most cases and only

succumb under exceptionally severe attacks are Co. 213, Co. 285 and Co. 290, while

Co. 205, and Co. 223 are definitely semi-resistant, Co. 205 ^ being slightly less so

than Co. 223.

'

Thus on the basis of data available, the Coimbatore varieties may be arranged

as follows, in. order of decreasing resistance to frost

:

Co. 270, Co. 281, Co. 285, Co. 290, Co. 213, Co. 223 and Co. 205.

Other varieties, viz., Co. 300, Co. 301, Co; 312 and Co. 313 appear to be good frost,

resistant canes, but the number of observations made on them is not yet sufficient

to enable a definite expression of opinion to be given.

Diseases and pests

During the period covered by this survey the effects of a number of diseases and

pests were studied, the chief among the later being, Pyrilla, Aleurodidae, top borer,

stem borer, pyrallid borer, and white ants. Mosaic disease and red rot were also

met with, but not in a viimlent form.

Smut w^as particularly noticed attacking Katha canes at Xakodar in Jullundur,

while aleurodidae and pyrallid borer were chiefly confined to the Gurdaspur circle?

other diseases being more or less common to all the localities under survey.

Locusts

During August and September 1929 locusts did considerable damage to th^

cane crop of the Southern Punjab and central districts. The destruction of the green

leaves causes great disturbance to the metabolic processes (elaboration of juice and

carbohydrates) in the growdiig plant with the result that very poor yields were ob.

tatned in the affected areas.

^ It musb be remembered, kowever, that Co. 205 is a cane primarily meant for

' 6arani* or* lands and on that account it will suffer more from the ill effects of

frost than iridgated canes. This is a very likely ^reason for its position after Co. 223

in the above list.
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Shoot and top borers

These pests were fairly active iii all the districts surveyed, but especially des-

tructive in the Southern Punjab during the 1930-31 season when the ratoon crops

showed a greater susceptibility,

Pyrallid borer

This pest caused great damage to the cane crop of Gurdaspur in the 1931-32

and 1932-33 seasons, and the canes in the Bet areas suffered particularly in the former

season.

Owing to the pith of the cane being attacked and eaten the stem becomes w^eak,

growth is stopped, and the burrows made by the borers frequently become infested

.by red rot.

An analytical comparison of healthy canes with those afflicted by this pest

as given in Table XLiXj is most instructive.

As is seen from this table the sucrose content was diminished by about 33 per

cent in the diseased canes, while glucose increase from 300 per cent to 400 per

cent. It is difficult to clarify the juice obtained from diseased canes, wliicli remains

a deep yellow colour inspite of all ordinary clarifying agents, while the gur obtained

from them is of an inferior quality.

Pyrilla

This pest was commonly found throughout the Punjab, and was responsible

for serious damage wherever it appeared, although the central districts suffered

most. In the 1930-31 season it was prevalent to such a degree that it was difficult

to find any cane unattacked, and some idea of the extent of the depreciation of cane

caused thereby may be seen from Table L which gives comparative data for

the average yields which were obtained in the Southern Punjab for the year in

question and the preceding year, when the crop was practically free from Pyrilla.

These figures are self-expanatory and illustrate the enormous damage which

this pest can cause,

Pyrilla wa-.s generally found to be the most prevalent pest in the Jullmidur and

Hoshiarpur districts, one of the most afflicted villages seen being Sbahbazpur in the

Bet lands.

One plot of Co. 223 at Kothran which was badly attacked in the season 1929-30

gave the following figures on analysis.

Percentage on cane
Glucose Purity
ratio coefficient

Juice
solids

Sucrose Glucose

7-7
1

5*70

i

•81
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The year 1930-31 was favourable for ascertaining the effects of this pest, as

there were four varieties of cane, Co. 213, Co. 223, Co. 281 and Co. 285 all badly

affected by Pyrilla on fields 2 and 3 of the Government Agricultural Farm at Jullun-

dur, while in fields 13 and 14 in another block not far away the same varieties of cane

(except Co. 223) were comparatively free. It was found that although the Pyrilla -

affected canes gave a greater percentage of juice and glucose, the healthy crop gave

more sucrose and total solids (Table LI).

The unaffected crop here gave 27 per cent more sucrose than the affected one,

but the latter showed a glucose ratio three times greater than the former.

Co. 223 appeared however to be more susceptible to attack in both these areas.

This strange phenomenon of immunity and attack in almost adjacent areas

appeared to be due to the fact that the crop in fields 2 and 3 under direct cultiva-

tion was a much heavier and a better one than the crop in fields 13 and 14 under

tenant cultivation—^the respective yields being 30*2 and 21*6 tons per acre and so

provided better conditions for the protection and multiplication of the insects.

Experience has shown that rain can destroy this pest and prevent undue damage

if it falls at the right time, but it is, of course, a factor which cannot be controlled.

Conspicuous features of the effects of Pyrilla are that the quality of the crop

suffers more than the tonnage yield, and that certain varieties appear to be more

susceptible to attack than others. For example Katha, Co. 205 and Co. 285 appear

to be more immune than are Co. 213 and Co. 223.

Aleurodidae

Aleurodidae are insects, the nature of whose attacks and effects are similar to

those of Pyrilla. It has been found to be prevalent chiefly in the Gurdaspur dis-

trict in all years of the survey except 1931-32.

White ants, rats and jachals

The depredations of white ants are well known, and they appear to show some

preference for Co. 281, Co. 223 and to a certain extent for Co. 290, although no

variety is immune.

Eats are serious enemies of the cane crop, and find shelter in heavy crops which

have lodged, although lodging can be mitigated to some extent by growing the cane

in trenches, which helps to prevent lodging and thus indirectly chocks the rat menace.

Jackals are chiefly found in the Bet lands throughout the Province.

Smut and mosaic disease

Smut, which is a fungoid disease, has been noticed particularly in the Jullundur

district but does not appear to have done any serious damage.

Mosaic, a virus disease, has the reputation in tropical countries of being respon

"

sible for great damage. Evidence of the disease which is more common in ratoon
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crops is afforded by the leaves, -which present a mottled appearance due to the forma-

tion of translucent 35^eliow spots.

This disease was specially studied at Gurdaspur for three years and, as the

figures in Table LII indicate, did not appear to cause any material deteriora-

tion in the composition of the Juice, nor was the tomiage yield appreciably affected.

Red rot {Oolletotrichtim felcatmn Wmt)

A serious attack of this disease which occurred during the season of 1932-33,

on the cane crop of Eajah Sansi in the Amritsar district was studied.

All the varieties cultivated, viz., Co. 213, Co. 223, Co. 285, Co. 290, and Go. 300

siiffhred badly and as a consequence the canes never reached their maximum ma-

turity and deteriorated seriously after the attack, with the result that no gur could

be made and the whole crop had to be burnt. Table LIII of analytical data

obtained before and after the attack shows the effect of this disease and it will be

noted that Co. 223 was damaged most and Co. 285 was the least affected. It may

be noted that Co. 285 has proved as a rule to he one of the best frost and disease re-

sisting varieties so far introduced.

Flowering OB suGABOAXE

Sugarcane does not usually flower in the Punjab although under certain favour-

able but undefined conditions Coimbatore canes do, but the old varieties such

as Dhaiilu and Katha hardly ever do so.

The zamindar usually regards this phenomenon as inauspicious and believes

that flowering signifies a deterioration in the quality of the cane. If, however, we

examine the analytical figures for the Juice from flowering and non-flowering canes

of the same variety (Table LIV) it will be seen that contrary to this belief the flower-

ing canes are superior ; they contain more sucrose, less glucose, and consequently

have a lower glucose ratio and a higher purity coefficient.

The average figures for these four factors for Co. 205 in flowers was found to

be 16-6, 0-61, 3-7 and 85 respectively, and 15-5, 0*78, 5*0 and 83 for Co. 205

not in flowers. Corresponding data for Co. 285 are shown in the table below

Sucrose Glucose Glucose
ratio

Purity
coefficient

Flowering 17-0 0*36 88

Flowerless. 16>5 0*40 2*4' 87

The mild weather conditions of 1931-32 were very favourable for the cane cro])

and for observing the effects of flowering. Both Co. 205 and Co. 285 flowered at a

Q
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iHimbex of places ill the Jullimdiir, Hoshiarj)ur, Ludhiana, Gurdaspur, and Cfiij.

raiiwala districts and a reference to Table LIV shows that the average, weiglit of cane

in flower was greater than that of a similar non-flowering cane, the figures being 580

grams against 442 grains for Co. 205, 803 grams against 616 grams for Co. 285, the

excess weight averaging 30 per cent. It will be further noticed that fiowering (or

arrowing) does not affect the quality of the juice obtained, as the percentages of

juice for the two types mentioned in flowering and flowerless cane were 57 • 9

and 59 *2 for Co. 205, and 61*6 and 62*2 for Co. 285.

Table LV shows the monthly rainfall figures for the years 1927-28 to 1931-32

for the districts ofJuUundur and Hoshiarpur, from which it wiU be observed that the

rainfall and temperature during the four months, September-December, appeared to

have a marked influence on the maturity and incidence of flowering in canes. Heavy

rainfall diirhig these months delayed maturity, while scanty rain accelerated it

and checked vegetative growth, thus conducing to conditions favourable for

flowering.

Abnormally high rainfall in the 1928-29 and 1929-30 seasons prevented the caiiu

crop from maturing until as late as March. In the 1927-28 and 1931-32 season^

rainfall was deficient and the flowering of canes i>rofuse.

From these observations it can be stated with reasonable confidence that not

only are the fears of zamindars on the appearance of flowers on cane groundless,

but that the flowering crop is usually superior, and gives better yields with a lower

glucose ratio and a higher purity coefficient.

Eatooning

The new imported varieties of Coimbatore canes lend themselves very favour*

ably to ratooning, a practice which is now becoming common with the gradual dis-

appearance of the old local varieties for which this practice was not suitable and sel-

dom practised except in years of fodder scarcity when the entire cane crop was
needed for feeding animals.

It was generally observed that yields from the local varieties ratoon crop,

were not equal to those from the parent crops, while the reverse generally held good

with Coimbatore varieties.

Eatooning, therefore, offers certain advantages to the zamindars, as the usiiaV

operations necessary, prior to sowing canes are eliminated, and there is a saving of

the cost of seed* Furthermore the ratoon crop ripens earlier, and owing to its well

established root system it is better able to withstand unfavourable weather cond-

tions.

Such a combination of advantages is,- therefore, rendering the practice increasing-

ly popular, and it was noticed in the early years of the survey that the zamindars

in the Kamal and Eohtak districts were rapidly adopting it. In the Bets of Beas

the practice has also become common, and as conditions in this locality are very

favourable for a barani crop the local zamindar prefers a ratoon to a plant cropJ

in fact in the riverian, tracts of the Beas, ratoon crops ten years old have been seen.



These figures show that in this case, Co. 213 whose yields steadily declined was
less suited for ratooning than Co. 223. Co. 205 is considered to be. the type most

suitable for ratooning.

Observations made at Miani ilfghanan (Hoshiarpur) in two successive

seasons showed that both Co. 205 and Co. 285 were suitable for ratooning as is

indicated in Table LVII.

The ratoon crop from both varieties is seen to have given higher yields than

the original plant crop and the quality was also maintained.

The practice, however, presents one serious disadvantage in as much as the

presence of the crop on the land throughout the year offers conditions of food and

shelter favoura>ble for the development of the numerous pests which prey on the

crop.

Consequently if the cane crop of the Punjab is not to suffer undue damage

on this account, extensive ratooning is not to be recommended without adequate

measures of insect control.

Fibbb

Fibre is an important constituent of the cane plant, as it provides the frame**

work with texture and support, without which it could not stand.

Lodging is one of the factors which greatly affects the tonnage and quality of

cane, with larger applications of manure, better irrigation facilities, and more up-to-

date methods of cultivation, heavier crops are now obtained and a cane with a low

fibre content will lodge at a much earlier stage of vegetative growth than one not

so handicapped.

Co. 205 contams about 18-5 per cent of fibre and is hence capable of with-

standing drought and rain better than most other varieties, and this helps to explain

why it is such a heavy yielder.

Similarly Co. 285 with a fibre content varying from 16*5 per cent in Jullun-

dur to 17*7 per cent in Gurdaspur, is well suited to a wide range of differences of

climate and conditions of cultivation, while the high fibre content of Katha may

explain its survival as one of the hardiest of the indigenous varieties.

Such canes are also appreciated by the Zarainder as they afford him an ade*

• qiiate supply of fuel for guf making. Table LVIll gives the percentages of

fibre in some canes grown at Jnllundur apd Gurdaspur.

q %
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The general popular belief is that the yield increases for two or three years, remains

stationary for an equal period and then begins to decline. It is replaced by a plant

crop when the cultivators find it no longer pays.

Experiments carried out at the Jullundur Agricultural Station, for a number
of years have given results shown in Table LVI*
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It is noteworthy that most of the local varieties have a high fibre content, a

fact noted by Barnes (Zoc. cU.) who gave the following figures

Variet,v Pei’ cent
'

,

" '

'

. fibre.

Dliaulii . . . . . . .. . . • ® 20*60

Katlia .
'

4 . . . . « . • ®
,

23*57

Ka-nsar ' ... . . . • • * • - 18*33

Teru , . . ... . . . . . • 19*39

Kabu , . . . . .
.

. . • • • 13*64

Poncla . . . - . . . . 10*60

(The last two are soft chewing canes and are chiefly cultivated near towns.)

As explained above a high fibre content has advantages, but is not in itself a

desirable feature.

Most of the Java canes show a fibre content of only about 12 per cent, and it

is evident that if better methods of cultivation and pest control were possible, and

lodging could be avoided a low fibre cane would be preferable to one with a high

fibre content.

Effect oit the cahe crof of withholbihg w^ateb from October onwards

In the season of 1932-33, which as we have previously seen was characterised

by prolonged frost in December and January, it was decided to study the effect

on the cane crop of withholding water during October and subsequent months.

For this purpose separate fields of cane each under one variety were selected

and divided into three portions each ahont 50 feet wide and 50 feet long. The

two outer portions received normal irrigation while the central one was left without

irrigation, and in order to eliminate the effect of lateral seepage strips from 10-15

|.t. wide on either side of the central portion were omitted from the calculations.

The varieties selected for test were Oo, 213 and Oo. 223 at the Jullundur farm

and at Jallowal in the Jullundur tehsil, Co. 213 at Baiyanpur near Sonepat and

Co. 223 at the Hansi Agricultural Farm.

The results of the analyses from these trials are shown in Table LIX as the

<'^verages of figures obtained during the period of ripeness, and the following con-

clusions are deduced from them as the result of withholding irrigation :— .

(a) The yield of both Co. 213 and Co. 223 was adversely affected.

(5) The quality of cane was not materially affected.

(c) The percentage of juice showed no significant differences.

((i) The fibre and glucose percentages were slightly less in canes receiving

less water.

(e) The canes remained sjiorter bqt becwe thicl^er*
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Eefect of artificial manures on sugarcane

239.

Although, the survey under discussion was not primarily concerned with the

effect of manures on cane, some specific observations were made in 1930-31, at the

Gurdaspur Agricultural Station to ascertain the relative effects of certain artificial

manures on the analytical data obtained from Co. 223.

Sugarcane is an exhaustive crop and in any intensive system of rotations in

which it is included, the necessity for adequate manuring is an axiom of good hus-

bandry.

While therefore the problem of the effects of manures on cane and the economic

aspects of their employment foims by itself a separate enquiry, certain data is

given here as illustrating the results obtained on Co. 223 with the following arti-

ficial manures,:

—

Manure

Potassium nitrate

Super*phosphate .

Ammonium sulphate

Ammonium phosphate .

Rate of application

2 Mds* per acre

l.| Mds. per acre

IJ Mds. per acre

1| Mds. per acre

Half the dose was applied on May 15th, 1930, and the other half on June 24,

1930, just before the rains.

Table LX shows the averages of data obtained from the trial crops analysed

during the 1930-31 season.

The highest yields were obtained from canes manured with potassium nitrate

and ammonium sulphate respectively.

It was intended to repeat these trials in the following year, but it became

necessary to ratoon the experimental crops owing to lack of water, and so the ratoon

crops were subsequently analysed with the results shown below, which correspoiKl

with Table LX :

—

Shotmng effect of artificial manure on Go. 223 ratoon crop

Potassium nitrate

Super-phospbate

Ammonium sulphate

Ammonium phosphato

Control , « «

. 15*3 1*41 0*064 1*62 62*0 9*2 0*42 10*6

. 12-7 1*16 0*052 1*33 60*9 9*1 0*41 10*5

. 16*1 1*48 0*068 1*71 60*8 9*2 0*42 10*6

. 12*8 M8 0*047 1*33 00*0 9*2 0*37 10*4

m 1*13 0*049 1*28 60*0
„

9*2 0*40 '

JO *,4,



240 INDIAN JOURNAL OF AGRICULTURAL SCIENCE [V, II.

In tlie year 1932-33, these trials were repeated using Co. 285 as . the test plant

crop and the results are gii'On in Table LXI.

The results of the three years* observations indicate that the canes in ques-

tion respond best to potassium nitrate and ammonium sulphate in regard to yields

Ammonium sulphate and Ammonimn, phosphate, however, delayed ripening to

some extent, while potassium nitrate and super-phosphate had no snch effect.

Furthermore the artificials employed only affected the tonnage yields and were

without influence either on the quality or quantity of juice obtained (apart from

the ash content) or on the percentage of fibre in the cane. Another interesting

feature was the fact that canes treated with potassium nitrate showed a greater

resistence to low temperatures ; their juice showed a lower freezing point and a

higher ash content, while the fibre content was unaffected.

These results have been confirmed by maniirial trials carried at the Hansi

Agricultural Farm during the last two seasons of the survey, when ammonium
sulphate and ammonium phosphate, although showing increased yields, caused no

difference in the quality of the juice.

Summary

1. The survey here described was conducted for four years in the Rohtah-

Karnal area and for six years in the Jnllundur and Gnrdaspur Circles.

2. The Coimbatore varieties have on the whole given better yields of cane and

sucrose per acre in all the centres surveyed.

The average figures for all localities are shown in Tables LXII and LXTV.

The sugar industry in the Punjab must depend for its success very largely

on these new varieties, although Suretha among the indigenous canes was still a

Yeiy successful cane in the Southern Punjab.

3. The quality of the Coimbatore canes has shown a steady improvement
since 1928-29, mainly due to the introduction of new and better types.

Until 1931-32, Co. 213, Co. 285 and 290 were undoubtedly the best canes

found and to a large de.gree the improvement in sugarcane production can he traced

to them. Co. 281 and Co. 285 are the next best. During the last season, however,

four new types of cane^ Co, 300^ Co. 301, Co. 312, and Co. 313, gave still better
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results. The first of these, in addition to its other qualities? was also immune to

attack by Pyrilia, due perhaps to the presence of a growth of hairy bristles on tlie

under surface of its leaves. Both hi regard to yield and quality, Co, 300 has proved

to be the best cane hi the Gui’daspur Circle, while the last three types have so far

only been hitroduced in the Jullundur area (Tables LXII-LXIV and XVI).

4. Average figures for the yields of cane per acre during the period of the sur-

vey show that, of the locafities surveyed, the Southern Punjab is, taking all factors

Into consideration, the best suited for sugarcane production.

On the other hand if we consider the amount of sucrose obtamed from a iiornial

crop per acre the Jullundur and Hoshiarpur districts, in spite of a somewhat lower

tonnage yield, have given the best results. It must be remembered, however*

that some of the new Coimbatore varieties which are responsible for the improve-

ment of cane in the latter area were not included in the survey of the former tract,

which terminated in 1931. Purther analytical investigation may show that these

newest varieties are doing still better in the more suitable south-eastern portion

of the Province.

5. With the mtroduction of new varieties the period of optimum ripeness,

during which cane is available for crushhig has been considerably extended, although

it varies in different locahties (Tables VIII, XVII and XXVI). The average period

as determined during the suiwey was 118 days for llohtak and Kamal, 130 for

Gurdaspur and 135 for Jullundui* and Hoshiarpur, although some slight modifica-

tion of these figures may be necessary, owmg to the earlier termination of the

survey in the Hohtak and Karnal area.

Most of the Coimbatore varieties do not ripen before the first week of December,

so in order to increase the length of the crushing season, or for early crushing, local

varieties such as Katha, Dhaulu and Lalri, will still be required. It is therefore

very desirable that efforts be made to produce new Coimbatore varieties which,

in addition to their existing desirable qualities, will also be early ripeners, since

in view of the usual agricultural practice followed in the Punjab any lengthening

of the crushing season beyond the end of March is not desirable.

Xo single variety can, however, be expected to have a period of optimum
ripeness of more thaii, if as much as, iOU days, and so a Judicious blending of types

with graded maturity is necessary for a long crushing period.

6. It is not possible to form any systematic and exact estimate of the extent

ol damage caused to the cane crop by frost, insect posts and disease, since the inci-

dence and intensity of these factors vary widely from year to year.
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Local varieties siieli as Katha and Lalri may, however, he classified as semi-

resistant to frost, Co. 281 and Co. 285, as more or less resistant, while Co. 223 is

usually damaged.

It is too early yet to offer a decided opinion on the reaction of Co. 300, Co. 301,

Co. 312, and Co. 313 to frost as the observations so for made require to be confirmed

ill the future. '

.

The very succulent leaves and low fibre content of Co. 223, and Co. 290, render

these t^ies particularly susceptible to injury by insects and disease.

10. Withholding irrigation from October onwards results in decreasing the

yield of cane per acre, although the composition of the juiee is not affected to any

appreciable extent.

7.

The flowering of canes, which has been observed to occur only in the case

of Coimbatore varieties, marks the end of vegetative growth and does not indicate

any deterioration in quality as has been supposed by some cultivators
; on the other

hand canes in flower usually indicate heavier crops than do fiowerless canes. It

has been observed that scarcity of rainfall during September, October, November

and December is conducive to conditions favourable to flowering.

8. Coimbatore varieties are well adapted for rafcooning and therefore with

their introduction the practice of ratooning is becoming popular, specially in the

Bet or riverian tracts of the Province. The presence of sugarcane in the soil

throughout the year, however, supplies a steady source of food to insects and pests

common to this crop. A close watch on a ratoon crop is, therefore, necessary if

the multiplication of these diseases and pests, to the great risk of injury to neigh-

bouring healthy crops is to be avoided.

9. Sugarcane, particularly the new varieties, shows, under normal condi-

tions, a definite response to the application of artificial manures, provided other

features, such as irrigation, cultivation, etc., are attended to.

Of the manures tried ammonium sulphate and ammonium phosphate appear to

give the best results as regards yields, although there is no appreciable difference

in the quality of the juice obtained from manured and unmanured crops of the

same variety.
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TaHes I to LX?

! Figures for total solids, sucrose and glucose giyen in these tables, were ori-

ginally determined in juice and then calculated on cane on the basis of extractable

I
juice. Thus they do not represent the absolute quantity of these constituents

I present in the cane. This fact should also be remembered in considering the outturn

1 of these substances per acre or per ton of cane.

! During the survey over 4,500 analyses were carried out and as it is not con-

j
venient to present the results of the whole of these, data presented in Tables I to

! XXVI and some of the other tables are based on the averages of the figures for the

different constituents of canes during the period of optimum ripeness Each

variety of cane was analysed at fortnightly intervals, generally from the beginning

i of November to the middle of April,

I

f
I

'

'

i

f / Barne.s J. H. (1918).
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Table LVI

Yields in maunds of gur per acre from plant and its ratoon crops

Year Co, 213 Co. 223 Bemarks

1928-29 • • 59’ 58 56-80 Plant crop

1929»30 . • 44’ SO 52-40 First ratoon

1930-31 . . 45-75 53*85 Second ratoon

1931-32 . • 42-40 52-10 Third ratoon^

1932-33 • • 36-00 53*90 Fourth ratoon

Table LVII

Comparative data for plant and ratoon crop

Weight in tons per acre Percentage on stripped cane

Tariety Year
Stripped
cane

Sucrose e^lncose Total
solids

Juice Sucrose Glucose Fibre
Purity
coeffic-

cienfc.

00.205 .

'

1031-32 (Plant
crop) 13*6 1*22 0*078 1*66 69*0 9*0 0*57 78

1032-33 (Batoon
crop) 17*2 1*56 0-117 1*94 59*1 9*1 0*68 20*8 81

00.285 . 1031-32 (Plant
crop) 18*7 1*80 0*045 2*13 59*6 9*6 0*24 84

*» 1932-33 (Ratoon
crop) 20*2 1*94 0*038 2*32 62*8 9*6 0*19 16*1 83

Table LVIII

Fibre percentage on cane

dullunduT Gurdaspur

Kafha . 18*1 21-7
Co. 205 . 18*5
Co. 213 . 14*5 12-7
Co, 223 . 11*8 14*5

,

Co. 270 . .

.

17-2
Co. 281 . 13*9 '17*2
Co. 285'. 18*5

^ 17*7
Co. 290 . 12*2 12*0
Co. 300 . 14*5 12-2
Co. 3M . 14*0

Co. 312 . * 13*0
Co. 313 . • • - • * 15-0
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Table LIX

Showing results from water-withholding experiments {1932-33)

Weight
of

Percentage on can©

Locality s

t

jtripped

cane in

>ons per

acre

Total
Juice solids Sucrose

I . ..

Glucose GluooS©
ratio

Purity
coeffi-

cient

Normal wiitermg

Co. 213

Julliiiidiir Agficiil-

tural Station 20*7 67-4 12-9 11-3 0-28 2*6 88

Jallowal . .
!

18-0 65*6 12*3 10*8 0*33 3*1 88

Baiyanpur (Sonepat)
|

27-3 68-8 11-7 9-9
1

0*46 4*-7 86

Averago . 1O
j

22-0 67-3
1

12-3 10-7 : 0*36

i
Co. 223

Jullundur Agiicnl*

tural Station 24-2 65*9 11*6 10-1 0*41 ' 4*1

Jallowal 15-0 63*7 11*7 10*3 0*55 5*3 88
Agriouitiiral Farm,

Hansi 23-2 63*7 11*6 10*3 0*38 3*8 88

Average 21-0 64*4 11*6 10*2 0*45

Water withheld from 1st October onwards

Co. 213
Jullundur Agricul-

i

tural Station 20-3
1 67*7 13-0 11*4 0*39 3*6 87

Jallowal 14-2
j

65*5 12*2 10*7 0*40 3*8 88

Baiyanpur (Sonepat) 23-5
j

69-8 12-1 10-1 0*52 5*1 83

Average

.

19-3
j

67-7 12-4
1

10- 73 0*44 - : - ^

Co. 223
J

, ,

Jullundur Agrieiil-

turai Station 18*9 66*4 11*7 10*1 0*44
,

4*4 87

Jallowal 14*8 63*3 li*7 10*3 0*54 ' 6*3 88

Agricultural Farm,
„ Hansf 17-7 64*4 12*4 11*0 0*40 3*6 89''"'

'
Average ' 17*1 64^7

1

11*9 10*5 0*46

1

j
/

j"



Showing

effect

of

artificial

manures

on

Co,

223

plant

crop

SUGAHOANE the PUMJAB

Superphosphate

*

,

24‘0

2*40

0*067

2*74

61*2

10*0

0*28

11*4

Airniionium

sulphate

.

.

28*4

2*90

0*071

3*27

60*9

10*2

0*26

11*5

g

Ammonium

piiosphate

,

27*2

2*77

0*075

3*10

60*6

10*2

0*27

11*4

Control

.

.

•

.

21*4

2*14

0*051

2*33

69*2

10*0

0*24

10*9
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rig, 3. Eesponse of Lalri to frost as a rsaisfapt, semi and non-resistant cane
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FROST rouiOWlMG AN ATTACH OF PYRlUVA.
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, ro.
Noil sistci 11 1
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Non Resistant
Jhin 0ar HaIan (Nosh ia ypa7

)

mo- 31.
^

FROST POLIOW IHG ARSEHCU OP
IRRiOiVnoH .

Fig* 9^ Injury to Go* 205 due to frost being intensi6edowing to the abnormal condition
of cane before frost
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SUGAECANB IN THE PUNJAB
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~Ke|tYences—
Uumarvuted -—
Manmed Su-ptYphosphates
ManuYcd Ammonium Sulphate
Manured AmmonitAm Phosphate

Belayed maturity, witliout permanent injury, due to moderate eold following frost
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Fig. 13. Immunity of Co. 270 to frost
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A STATISTICAL EXAMINATION OT THE YIELD OE WHEAT
AT THE CAWNPORE AGRICULTURAL COLLEGE FARM,
PARTP

MY

R. J. KALIMKAR, B.Sc.^ Ph.D. (Lohb.)^

AgrknUuml Meteorology Bfandh^Poona^

ANB

' SEIPAL SINGH, B.So.,

AgrimUuml College^ Cawnpore
' H

(Received__for publieatioii on 23rd Mareli 1934)

(With two text figures)

Tile Cawiipore Agricultural College Farm is one of tlie earliest research fams
started in India and may be expected to provide a useful series of data for statisti-

cal examination. The larin, is situated in village Gotaiya, about three miles south

west of the Cawiipore city. The land occupied was originally rented from the

ssamindars of Gotaiya in May 1881 and in that year the important m.anurial experi“

ments whose data are under investigation were started. The soil of the farm may
be accepted as a fair sample of the alluvial loam which occurs over a large portion

of the Ganges-Jumna Doab.

The original records were brought to Poona for examination. From the vast

amount of material a few fairly uniform series of experiments, viz-, the Kharif

staaidard series of make ’’ and the “ Mabi standard series of wheat ’’ were selected.

These experiments had been carried on from 1885-86 to 1913-14 under more or less

uniform cultural and manurial treatments. The present investigation deals with

the analysis of yields of wheat of the ‘‘ Mabi standard series ’’ in which wheat

(Muzzafemagar) was growm year after year. Eight out of the thirteen plots, each

400 square yards in size, are selected for the present investigation as they received

a more uniform treatment year after year. The manurial treatments of the selected

plots are as given below :

—

Plot No. 1.—Saltpetre at the rate of 25 lbs. of nitrogen per acre.

Plot No. 2.—Saltpetre at the rate of 25 lbs. of nitrogen per acre + Bone dust

at 10 lbs. of nitrogen per acre.

The present) investigation was made in the Agricultural Meteorology Branch
( ludia Meteorological Department) financed by the Imperial Council cf Agricultural
Hesearch. Tiie data extends over a period of 29 years. The yields for the two years
1888-89 and 1890-91, were missiiig but for calcifiation the means of the yields of preceding
mid following years were taken for the study,

( 346 )
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PlotNo«-3.—Cow dung at 100 lbs. of nitrogen per acre.

Plot No. 6.—Sheep dung at 100 lbs. of nitrogen per acre..

Plot No. 7.—^Ashes of cow dung containing 100 lbs, of nitrogen per acre.

Plot No. 9.—Saltpetre at 25 lbs. of nitrogen per acre + Bone super-phos-

phate at 10 lbs. of nitrogen per acre.

Plot No. lL~Unraanured.

Plot No. 13.—^Ashes of cow dung containing 100 lbs. of nitrogen per acre +
saltpetre at 25 lbs. of nitrogen par acre.

Prior to 1899, however, the manures had been applied simply by weight without

any reference to their actual composition [Leather, 1900]. Cattle dung and sheep

dung were appHed at the rate of 6 • 6 tons per acre, the nitrogen supplied by the

former being about 75 lbs. and that by the latter about 145 lbs. Saltpetre of

second rate quality was applied at the rate of 240 lbs. per acre which supplied on

an average about 18 lbs. of nitrogen ; 360 lbs. of bone dust containing from 9 to

12 lbs. of nitrogen were applied ; and bone superphosphate containing on an average

about 5 to 6 lbs. of nitrogen was given at the rate of 240 lbs. Since 1899 however

the treatments are as noted against each plot.

The object of the present paper is to study the variation in yield from year to

year on the above-mentioned eight plots, and to examine the relationship, if any

between manurial treatments, mean yields and the variability of the yields. The

influence of rainfall on wheat will be discussed in a later paper.

Method of analysis

The yield data for a series of years may be expressed as a poljmomial function

of time to examine whether there is any secular trend in the yield. The equatioii

may then be represented thus

,

where Y is the'calculated yield and ^ represents the time. The values of yield

calculated by this equation represent the general course of its changes due to factors

which change in the sense as time progresses. The secular trend being thus allowed

for, the deviations of the actual yields from the calculated may be ascribed primarily

to the direct and indirect effects of the meteorological elements on the yield of the

crop.

The above expression, however, is inconvenient as the values of the coefficients

a, h, c, etc., change according as fewer or more terms of the series are used. Fisher

[1921] has developed a polynomial method in which the coefficients obtained are

independent of the number of terms employed.

The method developed by Fisher [1921] is used in this investigation. It

consists in fitting polynomials to the various series of plot yields and analysing the

total variation into the contribution due to (a) the average rate of deterioration of
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soil due to the exhaustion of natural supplies of food ingredients or to the physical

changes, (5) slow progressive changes which are of a complex nature and (c) annual

variation which may he attributed to the direct and indirect effects of the weather

elements on the yield of crops.

The fifth degree polTOOmial is fitted to the series of the wheat plots. The
smooth curves are drawn to show the actual course and extent of the slow changes

% the mean 3neld occurring in the differently treated plots. For the arithmetical

Procedure Fisher’s paper entitled ‘‘ The inffuence of rainfall on the yield of wheat

at Rothamsted ” [Fisher, 1924] may be referred to. Precisely the same notation

is used throughout the paper. The secular changes in the yields of differently

treated plots are given in Table I. The measures qc\ to x\ of the components

of change of the 1st to the 5th degree are used since they are directly comparable

with the standard residue.

Variability Am> its causes

As observed above, the variation in the yield is analysed into three parts (a)

deterioration, (b) slow changes and (c) annual variation. The deterioration is

represented by a linear function although theoretically it is probably more truly

represented by an exponential curve, for, the rate of deterioration is expected to

decrease as the capacity of the soil to produce as heavy a crop as previously is

reduced, due to the depletion of the reserve supplies of plant nutrients in the soil.

Table I

Secular changes in the series examined

Plotl Plot 2 Plot 3 Plots Plot 7 Plot 9 Plot 11 Plot 13

—619*92 —133*99 216*53 215*11 —26*77 273*10 —311*75 —158*40

—•1004*38 —1216*48 —1612*80 —1911*65 —1107*92 —2063*61 —1084*94 —1230*73

X'4 .
1

213*06 —370*63 86*19 215*39 1037*78 294*64 247*89 406*19

• 998*72 924*19 671*09 607*17 1274*86 951*84 866*90 479*30

« ,

.
1

53*92 —264*82 —346*27 -259*14 473*60 327*63 664*25 63<r*85

s.n. 347*0 377*1 491.0 565*2 438*3 439*5 452*7 404® 9

The total sum of squares of deviations in the yields for the 29 years with 28
degrees of freedom is split up into (a) sum of squares of deviations due to deteriora-

tion with one degree of freedom (6) sum of squares due to slow changes other than
deterioration with 4 degrees of freedom and (c) the remaining sum. of squares with 23
degrees of freedom due to annual causes.

The sum of squares with 23 degrees of freedom serves as a basis to test the

significance of the deterioration or slow changes occurring in various plots* The
results are given in Table 11,
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Table II

Analysis of variance

349

Due to D. F. Mean square

Hot 1 «

Blot 2 «

Plot 3 •

Plot 6 •

Plot 7

Plot 9

Plot II

Deterioration
Slow changes
Residual

Deterioration
Slow changes
Residual ,

Deterioration
Slow changes
Residual

Deterioration
Slow changes
Residual

Deterioration
Slow changes
Residual «

Deterioration
Slow changes
Residual

Deterioration
Slow changes
Residual

Total

Total

Total

Total

Total

Total

Total

1

4
23

28

I

4
23

28

1

4
23

28

28

1

4
23

28

1 ^

4
23

1

4
23

28

1

4
23

28

384301
513633
120410

186009

17963
636366
142222

208233

46886
792676
241081

312945

46273
1034166
319380

411737

716
1038614
192072

306168

74687
1339661
193183

362730.

97186
681329
204P09

264836

FF %
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Table II

—

contd.

[V, 11.

1

Due to

I

' D.p; Mean square

Hot 13 '

.
. Deterioration . . . . .

. 1 25092
Slow changes 4 579088
Residual .... 23 163920

Total 28 218269

f !

Deterioration .

—

It will be observed from Table II that the mean square due to
deterioration as represented by the linear term is on aU plots smaller than the mean
square due to the residual except on plot 1 which receives sodium nitrate. Even
here the deterioration is insigniecant. According to Fisher’s table of ‘ z ’ [Fisher
1931] for «.!= 1 and Wg =23 the 5 per cent value of z is • 7269 which shows that the
ratio of the mean square due to deterioration to the mean square due to residual
should be of the order of 4-28, and here it is only 3-20 . The analysis therefore
indicates that the deterioration as indicated by the linear term is insignificant on
all the plots studied. It may be interesting to observe that the plots 3, 6 and 9
as indicated by the signs of in Table I, show on the whole an upward tendency
instead of diminution in the yield, although the effect is not significant in the light
of the standard error.

Slow changes.—In Table I are given the values of x\, cr'g. the five trans-
formed co-ordinates wdth their standard error for all the plots studied. These co-
ordinates give us the true estimates of the significant slow changes, if any, in the
yields of wheat for the different plots studied. Slow changes in the series are exhi-
bited by high positive or negative values in a:'^, aj'g, etc. The slow change due to
deterioration as represented by the linear term has already been considered
It found to be insignificant on aU the plots although on plot 1 it is comparatively

Slow changes other than deterioration are exhibited by ir'j, a:'^, and x’
by their high positive or negative values. It wiU be observed from Table I that
the values of *'3 are negative and significantly higher for all the plots as judged in
the fight of their standard errors. For some plots some of the higher terms also
are significant. Contribution to the total smn of squares made by a:',, x' x' and
a: s as due to the slow changes other than deterioration are given in Table II' Accor,!
ing to Fisher’s Table of « z ’ [Fisher, 1931] for =4 and =23 the 5 anfl pt
cent values ofzarc -6140 and • 7261 respectively, indicating that the ratio ofthe mean square due to the slow changes to the mean square due to residual shouldbe of tto order of 2*8 and 4 3 for 5 and 1 per cent point respectively. It may beobserved that the mean square due to the slow changes with 4 degrees of freedom
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are significantly Mgher on all plots compared to the residual variance, particularly

on those receiving sodium nitrate alone or in combination with phosphatie

manure and also on the plots receiving ashes of cow dung alone. -

The course and extent of the slow changes in the mean yield for the eight plots

studied are given in Fig. 1 . The proportionality of the slow changes is well brought

out by plotting the yield figures on a logarithmic scale. Ail the curves in general

show a very close similarity. There is a rise in the yield of wheat up to about 1900

after which period the yields decline. Some of the curves at their end points how-
ever show some dissimilarity. The rate of fall of yield is much slower on plots

receiving sheep or cow dung, while the unmanured plot and plot receiving cow dung
ashes show very rapid fall in yield. Other plots are intermediate.

It is difficult to assign authentic reasons to the slow changes that have taken

place on all the plots. Eecords of the experiments do not contain any special notes

such as changes in the type of cultivation,*^ radical changes in manuring both qualita-

tively and quantitatively, foulness of the plots due to weeds or surface erosion, etc.,

which are likely to throw some light on the causes of these changes.

* After submitting the paper one of the authors happened to read the remark made
by Howard in his book “ Wheat in India ” that the marked increase in yield since
1895-96 is due to the deeper tillage andeub-soiling undertaken in that season than that
formerly adopted*
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Annual variation.—-Tlhs aanual variatioa for the diifereatly treated plots are

shown in Fig. 2. It is expressed on a relative basis. Deterioration and slow changes

are also shown in this figure for ease and oonvenienoe in comparing them with the

differently treated plots. The total sum of squares for each of the three types of

variations is divided by the square of the mean yield for the respective plots and

these figures are finally expressed as percentage. It may be observed from the

flia.gTO.Tw that the annual variation is most on plots Nos. 7 and 11, which were un-

treated for nitrogen.

FIG.2.CfUSES OF VARIABILITY IN THE YIELD OF WHEAT ON DIFFERENTLY TREATEO PLOTS.

Yield in eblatio to majstueial teeatment

In the bulletin entitled “ Experiments on the growth of wheat and maize at
the Cawhpore Experimental Farm ” [Leather, 1900], published in 1900, Dr. Leather
has discussed data from 1883-84 to 1898-99. He has discussed in detail the effects

of manures and fertihsers applied singly or in combinations and has compared the
effects with the results obtained at Rothamsted and Woburn in England The
data now examined extend up to 1913-14 and confirm the conclusions arrived
at by Dr. Leather in 1900 and further reveals the importance of the applications of
phosphatic manmres in combination with saltpetre which was not brought out by
the earlier investigation.
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Table III gives tlie meaix yield of wheat with the standard deviation for each
of the plots. The standard deviation is calculated from the sum of squares due to

annual variation. The mean aimual diminution or increment B, together with the

standard deviation for the different plots is also attached. It may be indicated

that they are obtained from the values of x\ given in Table I by multiplying by
a constants the relation being :

0? o""—
n {n^—1)

12

where n is the number of years over which the data extend.

Table III

Plot Mean
3deld

S. D. Coefficient

of

variation

Mean
annual

decrement
or

increment,

B

S. D.
of B

Mean
annual

decrement
or incre«

ment
per cent

S. D. .

per cent.

1 1475*8 347*0 23*5 —13-76 7*70 — *93 •52

2 163M 377*1 23*1 —2*97 8*37 — •18 *61

3 1821*7 491*0 27*0 ' 4-4*81 10*90 + •26 *60

6 2005*7 565*2 28*2 4-4*77 12*54 + *24 •63

7 1330*6 438*3 32*9 --.0*59 9*73 — *05 •73

9 1805*3 439*5 24*3 + 6*06 9*75 + *34
^

•64

11 1261*5 452*7 35*9 —6*92 10*05 — *55 •80

13 1634*3 404*9 24*8 —3*51 8*99 — •21 •66

The table shows that plot No. 6, receiving sheep dung, has given the highest

yield. The sheep dung supplied contained on an average about 100 lbs. of nitrogen

per acre. Plot No. 3, receiving cow dung containing an equivalent amount of

nitrogen comes next. But an interesting point revealed by the table is that it is

possible to obtain high yields by the aid of fertilisers containing no organic matter

provided the fertiliser mixture is well balanced in respect of the food ingredients

e.g., plot 9 receiving saltpetre and super gave practically similar yield to plots 3

and 6 receiving sheep dung and cow dung respectively.

Another interesting point is that plot No. 1 receiving sodium nitrate alone does

not give significantly higher yield than that of the unmanured plot No. 11. When
however, sodiuniL nitrate is applied in combination with phosphatic manures it
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increases the yield. Superphosphate seems to be definitely better than bone dust*

Plot 'No. 7 receiving ashes of cow dung gives slightly higher yield than the unmanured
plot No. 11. Ashes of cow dung in combination with nitrogenous fertiliser increases

the yield (plot No. 13).

We are grateful to Principal C. Maya Das, College of .Agriculture, Cawnpore,
for making the necessary data available and for the deputation of one of us to the
Agricultural Meteorology Branch, India Meteorological Department, Poona.

The authors are also thanldul to Dr. L. A. Ramdas, the Agricultural Meteoro-
logist, for his help in the preparation of this paper.
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SOME OBSERVATIONS ON THE SEED-SETTING IN A TYPE
OF TOBACCO

BY

KASHI RAM,

Offg, Superintendent^ Botanical Sub-Station, Karnal

(Received for publication on 29th October 1934)

(With plates XVI and XVII)

In 1029, while studying some of the pure lines of tobacco {Nicotiana tabacum.

L.) in the Botaiiical Section at Pusa it was observed that though Type 56 produced

a large inflorescence with numerous flowers during December and January most of

the flowers dropped without setting any seed.

Toivards the close of the life of the plant, however, some capsules containing

normal seeds were formed. In January 1930 the stigmas of certain flowers were

observed to be surrounded with scanty pollen and on the next day when the flowers

opened they became dark brown and the flowers dropped. Many of the anthers

were dark brown when dehiscing and were observed to contain only a very small

quantity of healthy pollen. When examined under the microscope, the pollen

grains were found to be somewhat irregular in shape hut some of them were healthy

a nd sent out pollen tubes when germinated in 3 per cent sugar solution.

In order to obtain definite information about this peculiar behaviour of Type
56, it w as sown along with Type 63 as control, late in August and transplanted early

in October 1930. A number of flowers opening at different times were marked and
ihe number that formed capsules was noted.

The results are set out in Table I.

Table I

Interval of - time

Type 56 Type 63

Xo. of

flowers

mai^ked

No. of

capsules

formed

Percentage
setting

Ho. of
1

flowers '

marked

No. of

capsules

formed

[

Percentage
setting

22nd Doe. 1930 to 23rd
•Tan. 1931

96 34 35‘4 106 101 95‘3

24th Jan. 1931 to 12th
Deb. 1931

.

' 80
' "

'42 52 ^5.
. ( ,,64: 62

'

'96“9

13th Feb. 1931 to 28th
Peb. 1931

96
1

85 88*5
1

50 49 98-0

1st March 1931 to 14th
March 1931

/ 75' 64'

1

85*3

1

'

^

35 33

i

1

94-3
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From Table I it is clear that there was much flower shedding in Type 66 during

December and January (Plate XVI), but with the lengthening of day light and the

relative rise in temperatmo during February and March there was fairly good setting

(Plate XVII).

In order to know whether the ovary was receptive during December and January

a number of flowers of Type 56 were pollinated with pollen from Type 63 which does

not show any lack of setting in the cold season. A good set of seed was obtained as

the following figures show :

—

• Cross Bate of pollination

No. of

flowers

pollinated

_

No. of

eapsnles

set

Percentage
setting

T. 66 T. 63 . 1st Bee. 1930

I

!'
9..: 8„ 89

T. 66xT. 63 . 28tb Jan. 1931
!

B
,

: ; . 6

1

This suggests that there is some defect in the pollen of Type 56 during cold

season with short day light. To make a positive test of this, crosses were made using

Type 63 as the female parent and Type 66 as the male parent with the i’esult.s

shown Wow:

—

Oi*oss Bate of pollination

No. of

1

flowers

pollinated

No. of

capsules
set

' Percentage

,

setting

T. 63xT. .56 . . 1st Deo. 1930 12 7 48

T. 63 vT. 56 . . 2Sth Jan. 1931 . 7 8 43

From the figure.? given above it is clear that the pollen of Type 66 did not fnnc.

tion properly, giving a lower percentage of setting than in the reciprocal cross. In
order to eonfirm this observation the experiment was repeated again in 1933 on
a more extensive scale. Type 56 along with the control Type 63 was grovTi and
transplanted at different times of the season. A large number of flowers in both
the types was marked and selfed. The development of a pinkish tinge on the flower

bud is generally an indication that the flower will open next morning; hence in
selflng care was taken to gum all such flower buds by applying ordinary rubber
solution to their apices, the evening previous to the aotuai opening of tlte buds,
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Type 56, flowering from 22nd December 1930 to 23rd January 1931
( Poor setting of seeds ).
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Tl)e number of flowers thus marked or selfed and the number of capsules formed

were recorded and these are given in Table II,

Table 11

Period
'

'

1

Mean

maximum

temperature

*

Type 56 Type 63 .

Mean

minimi

temperature

Number

of

flowers

marked
Number

of

capsules

formed
Percentag©

setting ini Number

of

capsules

formed

percentage

setting

A.’*' 24tii Jaii. 1934 to 12t}rreb. 1934 72*6
I

48*0 542 86 15*9
'

1

141
1

135 95*7

IStli Peb, 1934 to 28th Peb. 1934 78*3 58 3 1713 682 39*8 495; 457 92*3

1st March 1934 to 14th March 1934 84*6 57*9 1509 1152 76*3 533 ^ 493 92*5

15th March 1934 to 2nd April 1934

.

92*7 61*5 Plants damaged later in the season.

B. 24th Jan. 1934 to 12th Peb. 1934 72*6 48*0 69 12 , 17*4 29 27 93*1

ISthPeb. 1934 to 28th Peb. 193 4 78-3 58 '3 843 2v's9 34-3 427 . 397 92*9

1st March 1934 to 14th March 1934 84 *6 57*9
1

1128 926 82*1 719 665 92*5

15th March 1934 to 2nd April 1934 92*7 61*5
1

1641 1469 89*6 591 565 95*6

C. 13th Peb. 1934 to 28th Peb. 1934 78*3 58.3
1

437 160 36*6 12 11 91*7

1st March 1934 to 14th March 1934 ;
84-6 57-9 836 697 83*4 226 204 90*3

15th March 1934 to 2nd April 1934
!

92*7
I

61*5 951 872 91*7 437
1

420 96*1

I>. 13th Peb. 1934 to 28th Peb. 1934 : 78*3 58*3 66 23 34*8 3 3 100*0

1st March 1934 to 14th March 1934 1
84*6 57*9

1
599 491 82*0 192 178 92*7

15th March 1934 to 2nd April 1934 92*7 61 * 5
1

1032 910 88*2 4:68 435 92*9

A reference to Table II brings out the fact that in the reproductive activity

of Type 06 there is seme cause which interferes with the normal functioning of the

pollen in fertilizing the ovary during short duration of daylight and at low tempera-

tures prevailing in December and January so that seed formation is greatly limited.

SUMMABY

In Pusa Type 56 tobacco few capsules are formed during the cold weather with

slioi t day light prevailing in December and January but the number increases as

the day light brightens and the temperature rises in the succeeding months.

Observations on reciproc al ciosses between this type and Type 63 which shows

good setting throughout the season indicate that the cause lies in the defective func-

tioning of the xjoilen of Type 56 during short duration of day light and at low tern*

peratures.

* The seeds were sown in four lots, designated A, B, C and D, at intervals of at out
a fortnight* T:



abstract

Agricultural Turkey. SSL 9 (47), 63 (47). P. Zhukovsky. {Lenin, Acad. Agric.
ScL, Inst, PU Ind, Moscow and Leningrad 1933 Pp, xxvii+908 ; 381
figs., 12 pis.) (Full summary prepared hj^the Imperial Bureau of Plant
Genetics, Cambridge)

(Reprinted with the kind, permission of the Imperial Bureau of Plant Genetics, ScliocI
of Agriculture, Cambridge, England)

This large tome, comprising some 800 pages of original text represents the fruits
of three Soviet expeditions, headed by the author, to Asia Minor. The expeditions
have been the means of accumulating a vast amount of plant material, much of it new
a d of extreme value, some for immediate introduction, some for breeding.

I he general characteristics of the country and its climate are described, followed
bjr chapteis on the natural and agricultural flora of the principal zones and the agri"
cuitijre of the region in general.

In tlie second section, comprising the main body of the work, detailed descriptions
are given of the forms and varieties collected in each individual crop, constituting an
pivaluabl© contribution to the Soviet fund of initial breeding material. Particular
interest is attached to the discovery of spring forms of Triticum durunij among whicli
appeal some extremely early varieties, others tolerant of high temperatures, Fiisarium
and frit-fiy

; barleys have been found with unusually large grain and high yielding
capacity and witli high protein content

; poppies with record earliness, opium contend'
and drouglit resistance

; greatly superior forms of aniseed ; melons excelling any in
the world in sweetness, juiciness, thickness of the flesh and transportability

;
cold.

resistant winter oats, Ave^ia hyzantina; sesame resistant to Fusarnmi ; flax capable
of jicldirig botli fibre and oil ; Phaseolus immune to anthracnose ; and a great abun-
dance of forms of rye and a number of other crops, in some character or other superior
to the ones previously known.

Ihe investigations have succeeded in demonstrating that Anatolia is the centre
of origin of many of the best European cultivated plants. The cultivated type of soft
wheat', the squarehead tyjie in particular, apparently originated in Anatolia and pene*
fmted into Europe later j the same is true of the cultivated forms of the European
leguminous plants, the best forms of sesame, the table carrot, cultivated anisee^l, the
cantaloupe and easaba melons, cucumbers, French lucerne, the opium poppy, various
fruit tiees and wine grapes. Literally thousands of cultivated forms of these several
plants have been found. In wheat the greatest variety is found in T. durum ^

including
many endemic forms and characters. The well-known Kubanka w^heat is present in
great variety, indicating that it too has in all probability entered Russia from Anatolia.
There are endemic forms and characters also of T. turgidum and two species of wild
xvh^t are present in abundance. The country is divided into very varied climatic
legions and in consequence the wheats display a wider range of ecological types than
tlio.'so of any other durum wheat country ; even in Abyssinia, the country of tlie greatest

:;358 .
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bofcamcal diversity, tiie ecological type is relatively uniform. Some of the nev^ formsof r. durum have already been used in crossing on account of their low temperaturerequirements, tolerance of excessive moisture and immunity to Fusarium, all of whichcharacter aie required tor extending the northern limit of T. durum cultivation. Thevariety besides being immune to Fumrium, entirely escapes frit-fly attaLmiing o 1 b eai mess, low tillering and vigorous and rapid early growth. The dwarfr. durum comoB into ear earlier than any other known forms and is hence extremely

Zr 1 *Tl
^he third genera^tion. .Mother valuable breeding chamcter of these wheats is the high quality !f theirgram, the variety having excellent vitreous grain of spherical shapl matur-mg very early, borne of them also respond favourably to vernalization.

The botanical variation in the wheats is equally great, especially in the Mediterra-nean region of Anatoha, which is regarded therefore as an important, thdugh not theprimary, centre of origin of the 28-chromosome wheats. The 42-ehromosome mouphews much le.ssMiver.sity, except T. compacMm, which may have a secondary eentrtAnatol a and Transcaucasia. A new and endemic 42-chromosome species. T. vavilovi
c laractemed by branched ears, lias been discovered, however, and is here described-
he 14-ohromosome group ot wheats and the genus Aer/ilops have their centre of greatest

thlir'*^'

Anato.ia and the Crimea and two new species of Aeffilops have been found

The barleys of Anatolia are much less varied but nevertheless are of breeding valueor Hieir drought resistance, strong straw, non-shattering oars and large elliptical grainwlueh shews considerable variation in protein and starch content.

Bye is fmmd universally, as a weed in all the wheat fields and also as a pure crop
These ryes display a greater diversity of varieties, forms and eharaotors than is foumlm any other country, in the form and colour of the ear whi‘eh varies from yellow to
biack, in the form and coloiu- of the grain, varying from elongated to nearly .sphericaland from yellow, green and purple to nearly black ; awnless forms appear, forms withsmooth, pubescent and warty glumes j forms with branched ears, others with three
grams per spikelet, types with wax and types without, and certain self-pollinating ryes-
i lany of these forms are new and endemic ; a new wild species, .Secale ancestraU, has
been iound in great abundance and in a great variety of forms, as well as the commont
wild ,S', ttmikmum and the allied genus Haynaldia viUosa {Secale villomm L. syh.
Tritwum, viUosum). The extreme heteici jgositj of the ryes of this region is tlioucrht
theretore to be the result of frequent inteiciossing between the various forms and species
and there is no doubt that this is the centre of ci igin. Secale fragile also occurs but
here is evidence that the area of development of i,he hybrid forms is distinct from thai,
of the original species. Haynaldia hordeacea is thought to have possibilities for cro.ss
ing for producing a perennial rye for the north and for arid zones ; similarly H. villosa,
S. ancestrale and S. montanum for producing drought-resi.stant forms and forms suit-
able for sandy districts.

A vena byzantina has been grown in AnatoUa -from ancient times. It is cultivated
as a winter crop and is a common weed. It is present in a great variety of forms, some
endemic ; it is rich in winter and semi-winter forms which are of great use in certain
parts of tlie U, &. &. R.; and in addition to cold resistance they have large grains with high
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contenfc of protein and oil, and are resistant to rust, shattering and lodging 5 some are

also very early and altogether this is regarded as the most valuable material for oat

brooding yet found. There is a great variety »»..lso of wild Avena and ilnatolia is re-

garded as the centre of origin of a whole group of oat species ; the process of its gradual

conversion from a weed to a cultivated plant can be observed at th© present timo in

the wheat fields ; the wee>i forms contain a much greater wealth of variation than the

cultivated forms and many of them are endemic. Natural hybridization is common

and tlio progeny of these natural liybrids often contains further new forms, some of

which moreover are extremely similar to Burt and other new hybrids obtained from

thelJ. S.A.

Maize and rice, which are introduced crops, are much more uniform.

i^fany of the leguininous plants on the other hand display a tremendous variety^

the variation in seed form, vegetative period and morphological characters in tlic3

grams (Gicer arietirmm) mark it as one of the most valuable known sources of breeding

material. Anatolia is second only to Persia in richness of species of Gicer

;

there are

five vdid and two endemic species, though the supposed wild ancestor of the cultivated

grjm CK jv(h*ieiini is not present. The examination of the wild species leads to the

suggestion that sevei-al of them have contributed to the origin, of the cultivated forms,

})ORsibIy partly by hybridization ; this view can only be substantiated by genetic study

of the wiki sj^ocies. Anatolia contains a large number of endemic varieties recessive

ciiaraeters being predominant ; the Anatolian grams excel all others in quality and

most others also in yield.

Of lentils a considerable range of varieties is found, including the intermediate

as well as largo and small-seeded varieties of Lens esculmtiim and all the four wild species,

T a opposition to l^arulina’s view the author thinks it likely that the large-seeded forms

have arisen ])y liyl^ridization of the original small-seeded form with some of the wild

speci<=‘>s such as L, Koischyana ot L. orientaUs, leading to the independent origin of lentil

cultivarion in the Mediterranean, where the different type of cultivation, winter

sowing, made possible the evolution of the forms with larger seeds. The position with

regard to beans {Vida Faha) is different, in that the small-seeded forms are much rarer,

no endemics are found and the general character of the crop corresponds to that of the

Mediterranean countries. They are nevertheless of great practical interest for breeders

on account of their large beans, earliness and high quality ; similarly with regard to

Phaseohis, some of which are resistant to drought and others to anthraenose.

Although Anatolia is the borne of all the wild species of Pisum hitherto known,

P. sativvm is very little cultivated and the forms cultivated are much less varied than

those of Afghanistan and Abyssinia, Two new species have recently been discovered

in Georgia and these may shed light on the origin of the cultivated pea ; at present

liowever there is very little relationship between the cultivated and the wild species*

The Anatolian group represents a distinct type from the peas of Afghanistan or Abys-

sinia ; in ecological characters it is vary much more varied, including the reaction to

reduced length of day, and althougli there are many isolated characters shewing the

influence of Afghanistan, Transcaucasia and the Mediterranean countries it is clear

that the peas of Anatolia have for a long time evolved independently.
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Vetches on the other hanil are present in remarkable abinidanoe and variety, botli

as wild species growing as weeds and cultivated forms of Vieia srUiva, the majority of

which are endemic. Most of the characters are common to the eiiltivated and weed
forms, the latter being richer in characters and it seems probable that in this region the

process of domestication ” is still in progress. The group is in every way distinct

from the two sub-species hitherto recognized and is established as a separate sub-species?

turcica. Among the general characteristics of this group are smallness of plant, extreme

earliness, cold resistance, abundant seed f)roduction and firm attachment of the seed

coat. Earliness and abundant seed production are characteristic of the Anatolian

LathyniSy of which two cultivated species L. satiims and L. ochrus occur.

Special interest is attached to the sesames on account of their great diversity and
their high quality. Most of them have white seeds, these varieties being endemic;

they are also characterized by high oil content and very pronounced resistance to diseases

such as Fusarinm, bacteria and gumming. Of linseed too there is a whole endemic
group, intermediate in character between the Asiatic and Mediterranean groups ; there

is a further prostrate form in many ways resembling the wild forms, endemic for Ana-
tolia and Transcaucasia, and capable of withstanding very low temperatures and grow-

ing in poor, sandy situations. The high yield of capsules and the large seeds, combined
their high oil content, have directed the attention of lireeders to the Anatolian

linseeds. -

Anatolia is apparently the home of aniseed. Pinipmella anistmi grows wild in

certain parts of the couiitiy and there is an uraisnal variety of cultivated forms. These

yield more heavily than the forms of any other country, thoiiizh in. essential oil content

they are inferior to the Spanish forms. However, a new species, P. anisehim, endemic

in eastern Anatolia, has been found remarkable for its high oil content (8'

8

per cent

as compared with 3* 4 per cent for P. animm), its vigorous growth, high yield and pro-

nounced cold resistance. It is a biennial and very resistant also to fungous diseases.

Its one defect is that the essential oil it yields is of a somewhat lower quality, contain-

ing as it does a smaller proportion of anetoL

Wild growths of oleander, jasmine, rosemary, lavender (Lavandula Sioechaa L.)

and other aromatic plants are also found in abundance.

The local cotton is Gossypium herbaceum but adventive species such as G. hirmium
and G. punctatum are also present, all of distinctly low quality.

A special endemic sub-species of the opium poppy, consisting of several distinct

^eotypes, is described. It is regularly accompanied by semi-cultivated types belong-

ing to the dehiscent sub-species, , thought to be nearly allied to the wdid

ancestor of the cultivated poppy. The high morphine percentage and early maturity
of the cultivated forms, together with their tolerance of both cold and drought have
attracted the attention of Soviet breeders. Their yield of opium is unfortunately low
and they are being crossed with Soviet forms having high opium content in the attempt
to combine this with their high morphine percentage which in some cases was as high

as 28* 38 per cent.
'

'

•

A study of the pre sent distribution of the eiiltivated poppy together with the genetic

and eytologica^ investigation of it and of the Mediterranean wild species Papaver sett-

tlerum have led to the conclusion that this is not the wild ancestor of P. an ynnijerunh
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The greatest nnmber of forms and diameters is found in the Central Asiatic Republics

of the Soviet IJnioii, where three endemic suh-species occur and which must therefore

,

he regarded as the scene of origin of the cultivated species. Tn, Turkey also there occur

primitive forms with dehiscent capsules, and with warty capsules of the type used for

producing edible seeds and the present Anatolian and Persian forms are thought to

have evolved later from forms originally coming from Turkestan. Tlie great variety

and wide distribution of cultivated poppies of the present day have arisen inoiiophyle-

tieaily, as the result of man’s agency.

Each vilayet has its own peculiar type of melon, resulting from age-long selection

independently of neighbouring vilayets. An untold wealth of forms has thus originated.

Of these frequently only the most inferior have penetrated into other countries. The

true melons constitute an endemic group graciUor, some of which are of exceptionally

high quality, with a sugar content higher than any known melon, exceeding 9 per cent

in some eases. One of the casaba melons found has been pronounced the best melon

in the world on account of its combination of sweetness, juiciness, thick flesh and
“ buttery ” consistency. It is to be used in crossing with more aromatic types of melon-

The vilayet of Van is famed as the home of the cantaloupes and still contains a great

variety of forms, many of which have not hitherto penetrated into Europe, whilst the

Bnake melons also have their centre of diversity in Anatolia . Of water-melons botli

tlie cultivated and weed forms exist in great diversity, also as a special group gracilio'^

inferior however to the water-melons of Persia and neighbouring countries. Again

Otirnrhita Pepo has a special Anatolian sub-species,. iSMm’ca, representing the greatest

variety of forms known in Europe, in addition to which there occur peculiar bushy

forms. It is signiflcant that the Anatolian forms of all the various cucurbit species,

including the cucumbers, are characterized by the same group of botanical features*

f that associated with the type gracilior. New botanical groups are established within

the respective species, each consisting of a number of botanical varieties, all of which

are endemic and are described ; each has a clear regional distribution, which is indi-

cated. It is clear that Anatolia is the primary centre of origin of the melons and an
important secondary centre for the pumpkins and watermelons. Even the cucumbers

which penetrated from India, have to a certain extent evolved and produced a charac-

teristic local type.

As regards the other vegetables great variability was found among the beets, not

only in morphological hut in biological and ecological characters ; a whole group of

orange-coloured beets is endemic in central and eastern Anatolia, a group having ex-

ceptional interest as breeding material. Again in the case of carrots, all the characters,

and all the forms known to exist in the cultivated carrot are concentrated in Anatolia,

both those associated with the Asiatic and with the European groups, both of which

are represented ; moreover, a much greater range of variation has been disclosed by
this material than was known to exist in the carrot and new possibilities in breeding

have been opened up. In addition to typical European and typical Asiatic types, all

possible intermediates are found not in respect of one character alone but in respect of

all distinguishing characters. Investigation has shewn that the Asiatic carrots are

lacking in i)lastids, the pigment being in the cell sap, whereas the European group owes

its colour entirely to the plastMs ; hybrids between them contain pigment of both kinds

and so also do the intermediate forms occurring in Anatolia. In addition there is an
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endemic grotip distingnislied by tbe very large dimensions of tbe wbole plant and more
nearly allied,to tbe wild sub-species Daums Garota subspecies Maximus

»

This new
group, named Adanensis, also contains purple and yellow forms corresponding to those

occurring in the cultivated group. The concentration forms in Anatolia is evidently

t'he result of the overlapping in this area of the two wild sub-species D. Garota subspecies

Garota and D. Garota sub-species Maximus from whose hybridization the European

group of cultivated carrots has evidently arisen. Anatolia is thus regarded as the

primary centre of origin of the European group as well as a secondary centre of originl

of the cultivated carrot as a whole. Although nearly the whole range of variation of

carrots found in Anatolia, with the exception of the endemic Anatolian forms, occurs

s-lso in the various countries of the Soviet Union, the Anatolian populations are more

regular in form and size of root and are therefore useful for breeding. Some of them

contain a valuable essential oil, lemonene, and most have the advantage of being drought-

resistant and, finally, their richness in characters makes these carrots an invaluable

starting point for genetic studies.

The Anatolian cabbages are characterized by pronounced response to the induence

of length of day, to which the European cabbages are more or less neutral. The cabbages

of A uatolia are more drought-resistant than any yet known ; they are very susceptible

however to Peronospora brassicae. In addition to cauliflowers there are specimens of

the headless cabbage (var. acephala) and hybrids between them snowing vegetative segre-

gation. Hybrid forms between acephala and the headed cabbage were also found

Many of the forms of the cabbage group are of a semi-cultivated type and some are

endemic ; the variety of forms of the oriental group is greater than that in neighbour-

ing countries to the west and there are indications that the Anatolian cabbages form

an ancient group in the origin of which the Syrian group has participated. They con-

tain many forms and characters of value to Soviet breeders and will be used both in

analytical and synthetic breeding.

Quantities of wild olives are found growing even in most unfavourable situations

and poor mountain soils. There is also an abundance and variety of figs, of wild species

and forms of pears, plums, cherries, almonds, hazels, walnuts, chestnuts, pistachio,

the kernel pine, Ruhus, Bibes and Vaccinium; and there is an endemic wild species of vine#

Fitis orientalis. The Smyrna fig, the North Syrian pistachio and certain groups of the

cherries, pears, plums and almonds are endemic. All these wild fruits and nuts are

used by the inhabitants and often the inferior ones are removed to leave room for the

best specimens ; in this way they have come gradually into cultivation, and various

degrees of the process are to be seen at the present time.

The peculiar characteristics of the flora of Anatolia are explained when it is realized

that this is the only country where the continents of Asia, Africa and Europe meet.

It is the meeting place of different types of allied plants, the oriental anthoeyanin carrot

and the wild carrot, the cultivated and wild vine, the large and small-seeded forms of

many leguminous plants, hence intermediate forms or often new types altogether have

HH "
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resulted. The wide range of ecological conditions in the country and the low degree

of Dui'itv of the crops have favoured the preservation of the greatest possible number

of these new forms. Yet most field and vegetable crops are remarkably uniform as

regards the character and quality of the seeds, evidence of a deliberate selection on

the part of the agriculturists of the past. All these reasons have contributed to make

Anatolia the source of many of the most valued varieties cultivated in Europe.
^

The volume under review terminates with a bibliography of 27 pages, an index of

Turkish’ Eatin, Russian and geogiaphical names and an extensive French surnmary

It is provided with an excellent map of the country and is unusually well printed and

illuf^trated.

f
I

: i

I

T



SOIL DEFICIENCIES AND PLANT DISEASES : IMPERIAL
BUREAU OF SOIL SCIENCE TECHNICAL COMMUNICA-
TION No. 31

Teclmieal Gommumcation, No. 31 of the Imperial Bureau of Soil Sciences

EiOthamsteds Soil Deficiencies and Plant Diseases deals with the border line

of plant physiology and soil chemistry. Dr. Jacks and Miss Scherbatoff have
collected and summarised the relevant facts from some hundreds of papers and
provided a bibliography of 367. This bulletin does not deal with the phenomena
associated with nitrogen, potash or phosphatic starvation, but with the patho-

logical conditions which have been ascribed to deficiencies of the so-called minor
elements, notably manganese, iron, magnesium, boron, sulphur, copper and zinc.

A handy table of deficient elements, main crops affected and numerical re^^ r

ences to the main bibliography considerably enhance the utility of the buUetiu

(Ed).
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ORIGINAL ARTICLES

ORGANISMS ASSOCIATED WITH SUGARCANE MOSAIC
ANO THEIR RELATION TO THE MOSAIC VIRUS

BY

S. V. DESAI, B. Sc., Ph.D., BXa,

Bugarcwm Mycologist, Pusa

(Received for publication on the 11th February 1935)

I. Introduction

^
Various types of organisms have been reported to be the causative agents

^ ofplant virus diseases. Nelson [1923] attributed the virus diseases of bean mosaic

,
to a protozoan, and Eckerson [1926] described minute flagellate organisms ap-

.
pearing after 24 hours in mesophyll cells of leaflets opposite to those inoculated

with filtered tomato mosaic virus. Several workers have associated bacteria with
...virus diseases. Nelson [1932] described small cocci in mosaic“infected beans.

^
He considered from the results of his bacteriological studies together with the re-

^suit of seed transmission tests that there was a? close association of the coccus

^with the virus whatever the latter may be. However, inoculation experiments

with these organisms were unsuccessful in reproducing the disease.

Bewley [1931] advanced a suggestion from his observation of constant asso-

ciation of pleomorphic bacteria with tomato mosaic that the virus was a kind of

bacteriophage living on the bacteria and parasitizing the plant under suitable con-

ditions. Swezy and Severin [1930] reported the association of rickettsia-lijke

micro-organisms with curly top of sugar beet. They were unable to difierentiate

on morphological data betw’^een the two types of organisms which they found

—

but one type was found to pass the Berk feld filter while the other did not. Fil-

terable ones were found only in the infective insect vectors, the others occurring

both in healthy and infective insects.

Takahashi and Rawlins [1932] have put forward evidence of the existence

of minute rod-shaped bodies in sap containing virus by examining the clarified

juice of tobacco mosaic by polarised light. Melhus [1922], Bouquet [1910] and

Smith and Bouquet [1915] have associated bacteria with the causative agents of

(367 )

^
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plant virus diseases. Brelimer and Earner [1930] and Brelmier [1931] described

yellowish green, oval, amorphous bodies
which they eonsidm- are organisms bcbn^-

hig to a hitherto unknown systematic group of the Archimycetes allied to Bias-

modioplioracae.

Besai [193S] evolved a method of cultivation of the virus principle in vitro

and gave evidence of virus principle being related to foniis of bacteria imiiaily

found associated with tomato mosaic and photographed tlie minute flagellate

granules after mordanting them and staining with flagella stains.

The present work was undertaken to find out whether similar organisms were

associated with sugarcane mosaic, and if so to find out their relationship to the

mosaic virus.

II. Isolation

4̂ . By tissue vm^luntdtions

The first method tried to obtain cultures of bacteria associated with sugar-

cane mosaic was by tissue implantations. Ifor this imrpose the stem of sugarcane

having mosaic disease was thoroughly sterilized by repeated washing with mer-

curic chloride and alcohol. A sterile cork borer was then inserted in the mter-

nodes near the growing point and an inch of the plug was quickly transferred to

an agar slant directly from the eork-borer.
_

The cork-borer was plugged with

cotton at the top end to prevent infection from outside.

The media generally used were sugarcane extract broth and agar of the fol-

lowing GQinposition :

—

Broth

0*5 grm. cUpotassium phosphate

0*2 grin, maguosium sulphate .

3*0 grms. IMarmite ,

1*0 grm, Mannite or cane sugar

1000 c.o. of sugarcane loaf extract

The extract was prepared by steaming 200 grins, of sugarcane

loaves in 1000 c.c. of water for 30 minutes and filtering.

Agar

3 . 5 iier cent agar

was added for agar

medium.

After adjusting the pH to 7.8 the media were sterilized at 120°C. for 30

m.inutcs.
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The culture tubes were incubated at 30^0-. for long periods after sealing them
with paraffin wax. In some cases fungi and bacteria were found growing abun-

daiitly in a couple of days time . Some tubes remained sterile for more than six

months by which time the agar had usually dried up, and in some tubes thin

growth of bacteria developed after a month or so. These tubes were still moist

with water of condensation while the tubes which ultimately remained sterile for

six months were dry and without any water of condensation at this stage though

sealed up with paraffin wax»

Moisture appeared to influence the growth*. Sub-cultures from these bacte-

rial growths were difficult to cultivate on agar and generally no growth was visible

in the transferred slants. Plates poured were also devoid of visible colonies but

occasionally very minute colonies were noticed. The colonies were imperceptible

with the naked eye but could be viewed under a low magnification.

Visible growth was obtained only after sub-culturing such isolated colonies

six to seven times. Usually after 10 transfers ty]3ical, easily cultivable bacterial

growth was Cvstablished. The cultures by this method were obtainable in 60 per

cent of cases tried, in 30 per cent of cases contaminations occurred, while in 10

per cent of the cases the tubes remained sterile till they dried up.

B. By broth transfers

Methods of serial broth transfers have been recommended by Hadley [1931]

to demonstrate the presence of the filterable forms of bacteria. Sugarcane ex-

tract broth as previously described was ordinarily used.

The juice ofmosaic leaves 0.2 to 0.5 c. c.jfiltei'ed through filter candle,

was introduced in broth tubes and incubated for 5 days. No visible growth of

any organism was found in the tubcvS. These tubes were filtered through a sterile

Lg filter candle and Q , 2 to 0 . 5 e.c. ofthe filtrate put in fresh series of broth tubes.

The process of filtration and transfer to fresh series of broth tubes was carried on

until some visible sign of growth was observed in the culture tubes. This

usually occurred after about 7 to 8 passages when a slight opalescence developed.

The juice of the healthy sugarcane leaves under the same treatment foiled to

show similar phenomenon even after 20 such passages. The growth in broth at

this stage if spread on agar failed to show visible colonies. The growth in serial

passages after opalescence became progressively visible and after a passage or two

became cultivable on the sugarcane extract agar. The growth on agar consisted

of minute pin point colonies barely visible to the unaided eye. Usually after ten

to eleven passages the growth became quite perceptible, with flakes
; and grew on

agar in a uniform layer dotted with plaques, like a bacterial culture' associated

with its bacteriophage.

Filler grades of filter candles Lg to Ljg were- used and they too ga-ve similar

results. .

- A. '.S'-.'.-"""



370 INDIAN JOUENAL OP AGETCtJLTITEAL SCIENCE [V, nr I

The same type of growth was observed in 90 per cent of the serial passages

carried out while in four per cent the culture tubes got contaminated and in six

per cent of the cases the culture was not obtainable even after 20 serial passages. .

Simultaneously with each ofthe series with mosaic juice a similar series with juice

of healthy leaves was carried out and in 94 per cent of the cases no growth was

obtained, in two per cent of the cases contamination occurred and in four per

cent of the cases the typical bacterial culturewas obtained. Itmay be that the

organisms were present in the plants which were considered healthy, the disease
j

being present with masked symptoms, or in view of the constant presence in the

laboratory of these organisms these four per cent of the eases may be better

attributed to contamination with the organisms.

O, By ageing the leafjuice

The juice ofthe mosaic leaves was filtered through Lg filter candle and incu- :

bated under sterile conditions after sealing in ampoules. The juice ordinarily

remained clear for more than a year but some times after a couple of months slight
^

opalescence developed which continued increasing till definite growth was visible.
I

The sealed tubes were then broken and the j
uice implanted on agar surface and

I

in broth. The agar showed some growth if the jnice was cloudy, otherwise with
j

slightly opalescent cultures no visible growth was observed on agar. In broth !

the growth was always obtained and appeared to he of the same type as obtained
[

by successive passages previously described.
i

In twenty per cent of the sealed ampoules the growth described above
j

developed and 80 per cent of the ampoules remained unchanged. But if serial
I

transfers were made from these tubes in broth , very frequently similar growth was

observed after three serial transfers.

III. CtTLTTJEAL BEHAVIOUE

Cultivation of the organisms from the mosaic tissues was found to be diffi-

cult. Cultures were unaccountably lost and failed to sliow visible growth. Trans-

fers of such unviable culture in broth often brought about slight opalescence

but transfers from these showed no growth on various agar media. Gelatin

media also proved equally unsuitable. Broth cultures, and their transfers also,

often remained quite limpid with no visible growth. Various broth media were
tried to fix upon the most suitable one. But there was little to choose as almost
all media behaved similarly. Sugarcane extract broth with 0 * 2 per cent lithium
chloride was found to be the best.* The morphological forms in broth were mixed
and variable. From very minute cocci to well sized rods were common when
visible growth occurred. If only opalescence was present, no rods or cocci were
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found but minute granule-like forms wMcli could not be differentiated from stain

particles or protein droplets of the media were prominent . Flagella staining at

this stage did not differentiate these granules from usual media debris.

Attempts were made to study the eyclostages of the bacteria by repeated

serial passages but no regular behaviour was observed as the visibly cultivable

stage was found to be very short if transfers w’^ere continued in broth. Acidic and

neutral culture media did not improve matters.

The relative lengths of various cyclostages of these organisms were compared

with those of Shiga Bacillus (in which filterable forms and other cyclostages are

well studied). This brought out the fact that these organisms were most stable

in the virus cjmlostage :

—

Table I

Bacterial P'ilterabie Virus
eydostage cyclostage cyclostage
“ R. B.” “ G invisible

stage forms gTi>Wth

stage

Organisms associated with mosaic virus . 4 8 88

Shiga 1 bacillus 78 20 2

Thus during the life cycle of 100 days these organisms had the bacterial cyc-

lostage for only four days as against similar cyclostage of 78 days in Shiga

cultures, filterable or '' G ” form cyclostage for eight days as against similar

cydostage of twenty days in Shiga cultures and invisible virus cjmlostage of 88

days as against similar cyclostage of only two days in Shiga cultures. This ac-

counted for the rapid transformation and unstable bacterial cyclostage of the

virus organisms and their peculiar pleomorphic growth. It also explained

it was difficult to study the behaviour of the organisms by ordinary bacteriolo-

gical technique and biochemical reactions.

Cultivation of the organisms on agar and other solid surface offered still

greater difficulty than cultivation in broth. Virus or invisible cyclostage was

not cultivable on agar and if continuous transfers were made by transferring

water of condensation, though no growth was visible no growth developed and

transfers to a series of broth tubes ultimately failed to reveal the presence of the
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organisms. It was therefore concluded -that cyclostage was unable to multiply

on solid media, but with the change from virus cyclostage to opalescent forms

and ’to “bacteriar’ stage the cultivation on agar was progressively successful.

The cyclostage which gave opalescence in the broth media usually gave a growth

of minute colonies invisible to the unaided eye but distinguishable under low

power objective. The hroth cultures which %vere distinctly cloudy gave uniform

bacterial growth studded with minute round clear areas similar to bacteriophage

plaque or minute colonies of different type than the ordinary smooth growth.

These areas appeared to be devoid of any growth in the beginning but on ageing

fine annular growth began to be visible. The growth was of different type to the

surrounding one. Transfers from such plaques usually failed to grow on agar

or any other solid media, in broth they sometimes produced opalescence, but most-

ly no change and rarely visible clouding typical of the organisms. The trans-

fers from bacterial growth were easily cultured on solid as well as on broth media

but sometimes the transfers appeared sterile without any clouding or colony

formation, and in such cases it was extremely difficult to recover the culture from

such culture tubes. If 24-hourly transfers were carried out- the cultures soon got

lost but with fortnightly or monthly transfers the culture could be maintained

with slight difficulty. The cultures of minute colonies were not stable in that

phase and more often failed to give growth on transfers in solid or broth media.

Sometimes this phase or cyclostage was found to give the same type of growth

on solid agar for some time and vanishing completely afterwards on further

transfers. This cyclostage developed if Chamberland candle filtrates from the

suspension of the old culture of the organisms were spread on agar surface and

that was the only reliable source of this filter-passing visible cyclostage giving

minute colonies. The culture of these minute colonies could be maintained as

such for a few transfers after which the culture either failed to develop visibly or

gave uniform growth composed of large colonies studded with minute plaques.

IV. Morphology and biochemical reactions

From the foregoing description it would be evident that the culture of these

organisms was usually a mixture of different oydostages but at the same time

eadi cyclostage could be obtained in more or less pure form by suitable technique.

The life-history of the organisms may be subdivided into following w^ell de-

fined cyclostages

:

1st: Filterable and invisible (virus), 2nd: Filterable and visible G ’’

type culture of Hadley), 3rd : XJnfilterable and visible (Bacterial), 4th : Spore

form.
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Tiie niorplioiogical and biochemical behaviours of each oyclostage were siu-

died as far as possible separately and are given below

1st: Filterable and invisible eyciostage (virus). This cyclostage gave no

vivsible growth in agar or broth media, but on repeated transfers slowly passed

into the second cyclostage of filterable but visible typo of cultures similar to those

described by Hadley.

2nd : Filterable and visible ( G ” type culture of Hadley). These forms

formed minute colonie on solid media and gave opalescent and hazy growth

in broth media. This stage very often reverted to virus stage. The individual

colonies almost invariably reverted but mass cultures steadily passed on to the

next cyclostage of unfilterabie forms. The organisms in this cyclostage were very

minute and just resolvable with the highest power. Very fine granules were visi-

ble on staining with usual aniline dyes. In the impression films, obtained by

touching the cover glass on to the colonies of the organisms, minute coccus forms

predominated and very occasionally small rod-like forms could be differentiated.

. On staining such films with Zetnow’s flagella stain a few minute rods with one

long flageilum could be observed
;
the number of such organisms, however, was

not large. Fine gra,nules mostly in clusters were preponderant. Most of the

forms of this eyciostage were Gram negative.

The biocheinieal reactions were negative in almost all biochemical media,

sugars were not fermented, nitrates were not acted uppn, hydrogen sul|)hidc,

indol, and ammonia were not formed. Litmus milk turned slightly acidic with-

out peptonization or coagulation. Gelatin was not liquefied, growth on potato

was not visible and no diastatic action could be demonstrated. Pin-point colo-

nies often developed after prolonged incubation but were too small to give definite

information as regards colour and type of growth.

Spore formation was conspicuously absent, and aged cultures though viable

failed to retain acid fast stain. Generally such cultures reverted to virus cyclo-

stage and rarely into unfilterabie cyclostage. Cultures could not be maintained

in this stage for long and could only be ro-isoiated from the Chamberlaiid candle

filtrates of ordinary bacterial cyclostage.

3rd: Unfilterabie and visible (Bacterial), Biochemical reactions of the

bacteria wliich ultimately developed from the filterable stage gave negative reac-

tion with almost all biochemical media. No acid or gas was formed in sugar

media, nitrate was meither reduced nor formed. No ammonia developed in pep-

tone, Indol and hydrogen sulphide were not formed. Litmus milk turned slight-

ly acidic and peptonization slowly took place with clear yellowish upper layer,

slightly reddish middle layer and bluish bottom layer. Gelatin was very slowly

liquefied. The licj[uefection was crateriform. The organisms were strictly aerobes,

and gave a mealy growth with a dirty colour on potatoes. Diastatic action was

absent.
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Tile organisms were generally Oram negative but some times retained the

;
.Gram .stain.

The size of tbe organism varied from 0*1 g to 0*7 g in thickness and 0*8 g

to 3*5 |x in. length.

Flagella. The organisms were rsnally found to have a single polar flagellum

but sometimes 3 to 5 flagella wnre cl;served occurring at both the polar ends.

Peritriehous flagella were also noticed to occur and aged stock cultures occasionally

cleveloped this foim. In some cultures non-motiie foims without any flagella

were ohtained. This condition was usually rare and preceded the spore foimation.

The organisms took acid and basic stains readily. The slime and capsules

were absent. .

^

.

4th : Spore stage. Very rarely spores were observed to occur and then the

culture usually assumed a wrinkled api>earance on the slant. The spores were

oval and measured 0*3 to 0*5 (ji in breadth and 0*8 to l*2g in length. Experi-

ments to find tlie conditions governing the spore foimation did not give any re-

sults as all methods tried failed to stimulate spiore foimation. It appeared that

undei* adverse circumstances the culture readily reverted to flilterable and virus

cyelostages.

Thus the organisms isolated differed in cultural and biochemical reactions

fr’om all known luicteria. Some resemblance to organisms isolated from the disea-

sed tissues of tomato mosaic by Desai [1933] was observed but points of difterence

were distinct and many.

V. SbKOI.OCtICAL reactions

(a) Why carried out

The repeated failure to induce the disease by the isolated organisms, their

filterable and virus forms, suggested the investigation of the relationship of these

to mosaic virus by serological tests.

These tests are all based on the principle that a serum containing antibodies

produced against some organisms previously injected into the animal from which

the serum is obtained, will give a positive reaction only with the organisms used

in the injection or with some closely related typo. Through the relative speci-

ficity of these reactions it is possible to study the relationships between different

organisms and strains, and this method was utilized to study the inter-relation-

ship between the bacteria, its filterable forms, and the mosaic virus. The tests

were carried out by the method recommended by the Sub-Committee on serologi-

cal methods of the Society of American Bacteriologists [1928].

The inoculations were made with cultures of bacteria, their filtrates, the virus

(Juice of mosaic leaves filtered through candle) and the juice of healthy leaves

similarly treated.
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(6) Purity of antigens

To obtain reproducible results it is bigbly essential tliat the material (the

antigen) for injection into rabbits should be carefully purified and standardized.

Each antigen was scrupulously tested for purity and guarded against chances of

contamination. The method for obtaining each is given below ;—

-

1, The virus antigen ,—The young sugarcane leaves of Co. 213 showing heavy

mottling were used throughout the experiment. The standard virus juice was
prepared by crushing 50 grms. of leaves in bOgrms. of water and extracting 45

grams of the juice from the mixture through a cheese cloth. This juice was re-

peatedly filtered through the same filter paper till it gave clear brownish filtrate.

The filtrate was then filtered through L3 filter candle under 5 lbs. pressure into

sterile tube. The glazed portion of the filter candle was wrapped in non^absor-

bent cotton wool, inserted into wide test tubes and the assemblage was sterilized

by dry heat at 160°C. for 2 hours. The filtration was carried out according to

the method of Martin. The candle was removed and the tube plugged with

sterile cotton. The antigen was prepared fresh for each inoculation. The filtered

juice remained clear and sterile.

2, Healthy juice antigen ,—The material was prepared by the procedure em-

ployed for virus antigen from healthy sugarcane leaves of the same age as the

mosaic ones.

5. Bacterial antigen,—TlhB bacterial antigen was prepared by suspending

the 48-hour growth on nutrient agar in sterile physiological saline. The growth

was removed by platinum loops from the surface without disturbing the agar. The
suspension was filtered through a sterile filter paper, standardized by opacity

measurements and used immediately.

4, Filtrate antigefi {for filterable forms),—The suspension of the bacteria

prepared as mentioned above was filtered through sterile L3 filter candle. The
filter candle was assembled as previously described so that every possibility of

chance contamination from air was avoided. The filtrate was prepared fresh

each time and used immediately.

Scrupulous care was taken in handling various material used for the anti-

genic purpose and from beginning till the end kept under sterile condition.

{c) Method of inoculation

The antigens were injected into the marginal ear vein of the young rabbits

by taking up the antigens in sterile Record syringes. A separate syringe was used

for each antigen, and hands and everything used for inoculation were scrupulously

sterilized before each inoculation. The amount of the dose was increased slowly

; jB
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* Broncho-pnciiiiiOBia and. peritonitis.—left Inng badly affected, right Iimg partly. Serosanguineons fluid

peritoneal and pleural cavities.

Swelling in ear : prodriction of fibres in the vein due to irritation, consequent blocliing of vein, evident only in

the vein which received the inoculation.

t Drooping and bent tow^ards the right side as if it were paralysed. Inoculation suspended.

(d) Tests afd Aeir reacMom

Ten days after the last inoculation, the rabbits were bled from ear vein or

by the heart puncture if more blood was required, Tlie scrum of each rabbit was

till the maximiirn was reached after five to eight inoculations. Tiie experiments

were repeated four times with diflerent batches of rabbits at different times and

the procedure employed remained the same throughout. The results obtained

were similar. The detailed history of the immunization of one batch is given here •

for information, the others being omitted to save space :

—

Table II

Date (19a.l)

I

Mosaic leaf

juice

II

Baet. sus.

III

Filtered
Bacfc. sus.

IV .

Healthy leaf
juice

V

Bact. Bus.

Wt.
Ib. 025.

Dose
c.c.

^vt.
lb. oz.

Dose
e.G.

Wt.
lb. oz.

Bose
c.c.

Wt. :

lb. oz.
Dose
c.c.

Wt.
1 b. oz.

Dose
c-c..

19th Feb. 4-7 3-2 4-12 8-0 3-10

20th 2.0 0.2 2.0 2.0 0.4

26th 4-11 3-10 4-14 3-7
1

3-12

27th »,
2,6 0.4 2.6 2.0 0.0

5th March 4-12 4-0 5-0 3-12 Died
28th Feb. 1934.

6th 3.0 0.6 3.0 3.0

12th j»
4-11 4-2 5-2 3-14

13th $*
8.0 0.8 8.6 3.6

19th 4-12 4-3 4-12 4-2

20th »
4.0 0.9 t 4.0

26th j*
4-8 4-1 4-8

,

4-2

27th 4.0 1.0 8.8 4.5

3rd April 4-10 4-3 4-3 4-8

3rd " f j
4,5 1.2 4.0 4.5

9th ; 4-18
:

.4-1' 4-12 4-8

10th 73
4.5 1.6 4.5 4.5

17th . :>’
5-0 4-1 5-0 4-6

20th 77
'

' Blec ! , Bleti Bled Blet1 „ ;

,

Rentarks.
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prepared separately and stored in an ice chest. The followin.g reactions of the

sera were studied:— .
,

L Agglutination of the organisms of sugarcane mosaic.

2. Precipitation of mosaic juice, ' filtrate of the organisms and healthy

juice. .
.

3. Hemolytic properties.

4. Complement fixation.

Agglutination.'--The clumping or agglutination of bacteria under the

influence of an immune serum is an important and well-known method for the

differentiation of bacteria. The test is based upon the observation that the

injection of bacteria into an animal causes the production of antibodies called

agglutinins, which have the power of clumping (agglutinating) suspension of the

same or closely related organisms when brought in contact with them under the

proper conditions. Conversely, if one organism is agglutinated by different sera

then the different organisms used for immunizing the rabbits have a very close

relationship with the organism in question.

This test has been carried out very often and has always given similar results.

The 48^honr old cultures were used for the tost and these were suspended

in physiological saline and filtered through filter paper. Light suspensions gave

distinct and well defined end points. The sera were diluted in progression and

mixed with equal quantity of the suspension in agglutination tubes. The tubes

were kept at 56°C. for 30 minutes and in the ice chest overnight. The readings

were taken next morning. Keeping longer at the high temperatures was not

found to be useful.

Results of two typical experiments are given below :

—

Table III

Agglutination reaction

Rahhita hatch No, 2, Med on lOiJi Decewher 1933 immunized by eight inoculations

Sera dilxitionB 1 : 40 1 : so 1 : 160 1 : 320 1 ; 640 1 : 1280 1 : 2560 1:5120

:
Semm I'viriis ++++ 4- + + 4- 4- 4" 4" 4- 4" 4* 4’ 4- + +

Serum II filtrate + 4* + + + 4- 4" 4- 4" 4” 4" 4“ 4- + + 4- + 4-4-4- + + + + + + + +

Senim III organi-
sm

4-
-f- 4" 4- + 4’* 4" + 4-4-4'4- 4" 4- 4" 4" + + + + 4" + + + + + + +

Serum IV healtliy
juice

- —
.

:
'

;

—

. — —

'

— —
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Tablib IV

Agglutination reaction

Babbits batch No. 3, bled on 20th April 1934, immunized by eight inoculations

as given in Table II

Sera dilutions 1:25
I

1:50 .

1:100 1:200 1:400 1:800 1 :1600 1:2400 1:3200 1:6400

Serum I virus . . + + 4* 4- + + + + 4 4. 4.4. 4. 4. .4 4. + + + 4- 4* 4. 4. + + .

'4-

Serum n filtrate , 4, 4. 4. 4. 4. 4. 4. 4. 4 4, 4. 4.
-H + + + + + + + 4. 4- 4- 4. + + + 4-4-

Serum III bacterial 4.44.+ 4, 4- 4. 4. + + + + 4. 4. 4. 4. + + + + + + + + + + + 4-

Serum IV healthy iiiice . .4-4 + + + + -I-
4.4.

Tlie signs employed to record the

^ .j„ 4. 4. Complete a^gglutination

lliiid.

4. 4. Complete agglutination.

+ 4- Partial agglutination,

slightly turl)id.

+ Positive agglutination,

than the controls.

. ± Doubtful agglutination,

— No agglutination. No

results have usual serological aigniflcance as follows

i.e. sediment at the bottom of the tube with completely clear supernatant

Sediment at the bottom and sides. Supernatant fluki quite clear.

Appreciable sedimentation at the bottom and sides. Supernatant fluid

Slight sediment at the bottom and sides. Supernatant fluid slightly clearer

Slight sediment on sides only and visible with lense,

sediment in the suspension. The suspension as turbid as the controls

2 . Precipitation test .

—
^This test was carried out to see if the virus and other

antigens were precipitated by their homologous and heterologous antisera. For

this purpose increasing dilutions of the sera were brought in contact with the

antigens and the formation of visible precipitation noted. Each serum was put

up against virus (mosaic leaf juice) filterable forms (filtrate of organisms) and

healthy leaf juice and incubated in a water bath at 56°C. for 4 hours. The tubes

were then transferred to an ice chest and kept overnight. Results were read

following moming.
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The result of a typical test is given below :

—

Table V

Precipitation test, dated 7th July 1934

Sera dilutions 1:20 1:50 1:100 1:600 i;iooo

Serum I virus V. + ^ dt — .

F. i ± — — —
HJ. dz. — —

Serum II filtrate V. ± — —

F. f d: — '

!

—

HJ. — — ' ' -- ™
,

Serum III healthy V. zb —

.

.

—

juice

.F. — —
1

• —
,

HJ. dz
^

1_ ! — —

Controls . . V.

F.

HJ

.

1

It would be seen from these results that the reaction was not very satis-

factory, Modification in procedure did not help in making the doubtful precipita-

tion definite.

Taking only definite precipitation as indicative of the affinity, the relation-

ship between virus and filterable form was brought out. Virus serum reacted only

with its own antigen and doubtfully with filtrate and healthy Juice. Filtrate

serum reacted definitely positive with virus and filtrate antigens and definitely

negative with healthy juice while healthy juice serum reacted with its own antigen

and doubtfully with virus antigen. In the more recent work of this nature on

tobacco mosaic virus by Birkland [ 1934] it has been found that plant protein in

the juice used for immuniziation interferes in the clarity of the reaction.
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The plant proteins present in the jniees used for immiinization were esti-

mated by finding total nitrogen and arriving at the amount of proteins present

111 the Juices approximately :

—

Mosaic Healthy

Per cent Percent

Amount of nitrogen .
.

. . .
,

,
.

,

. . . .o*or
^

0*01 .

Amount of protein calculated . , , 0*06 0*06

It would appear from these that the amount of plant proteins in this case

was too small to interfere in the reaction ; again qualitative tests of protein

(namely biuret, xanthoproteic, Adamkeivicz, and Millon) were very faint in the

juices employed for immunization.

3. Hemolytic properties .

—
^The hemolytic action of the various antigens

—

namely the virus, filterable forms, bacteria and healthy juice—was investigated.

Tor this purpose 0- 25 c.e. of each of the antigens was mixed with 0*25 c.c. of un-

sensitlzed sheep’s red blood corpuscles and 0*5 c.c. of saline in quadruplicate tubes

and kept at room temperature for 30 minutes and at temperature of 56°C, for

another 30 minutes. The tubes were then removed and stored in ice box over-

night, the reaction being observed the following morning. The results were

negative, that is the B. B. Cs. were not hemolysed.

4. Complement fixation test is based upon the observa-

tion that the combination formed between an antigen and its specific antibody

has the property of fixing complement during the reaction. On the basis of

this general law complement fixation can be used to detect the union ofan antigen

with its homologous or specific antibody. The test for such fixation is performed

placing together antigen, antibody and complement in suitable proporation as

determined by previous titration and subsequently testing for the presence of

free complement. If complement is not fixed, it indicates that the antigen and

the antibody do not have power to unite or in other words, the antigen and the

antibody are not specifically related. On the other hand the fixation of the com-

plement in the mixture indicates that the antigen and antibody have combined

owing to their specific aflSnities.

The test is very delicate and specific but there are cases in which, though the

union of the antibodies with the antigen does take place, the^complement^is not

fixed in the rea^ction. Thus whereas the positive fixation is a very strong proof of

the union of antibody with the antigen the non -fixation of complement does not
as a rule preclude the possibility of the union between antibody and the antigen

in pure culture studies.
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Tile test is much more specific than the agglutination test, requires careful

attention to details and the preparation of number of accurately standardized

serological reagents.

The complement fixation test was carried out with both heat stable and heat
labile antibodies and the results of these tests are given below :

—

The tests were carried out by mixing

:

•25 c.o. of diluted sera (1 : 10)

•25 c.G, of the antigen

•25 c.c. of the complement of approi>riato strength in minimum hemolytic

doses (M.H.D.),

The mixture was kept at room temperature for SO minutes followed by a
temperature of 56^0. for SO minutes. At the end of this period 0*25 c.c. of

standard sensitized red blood corpuscles (R; B. Cs.)—w^ere added and the trays

containing the tubes kept at 56°0. for SO minutes. The trays were then withdi'awn
from the water hath and kept overnight in the ice chest. The readings w^ere taken
next day.

The symbols and abbreviations used have their usual serological significance.

Table VI (a)

Complement fixatiori test with the unheated sera

strength of
the conii)Iemeiit8

Vini8 serum
I against

filterable form serum
II against

Bacterial scrum
III against

Healthy juice serum
IV against

V. jf. 0. HJ. V. 0. HJ. V. f. 0. HJ, V. ¥. 0. BX

8 M.. H. D. .
— — — — — — __

.
— —

, —
6 M. H. I>. ,

— — ~~ — — — — — — — — — —
5 M. H. B. + — — — — — — — — — — —
4 M. H. 1). .

— __ —
:fc

— db — --- __ — —
8 M. H. I).

, . ± + ± + — — _ i
2 M. H. D. + + ± ± + ± di +± — + + “ 4-

1

— db — db

Table VI (6)

Controls

Serum controls Antigen controls

I II
r

“I IV [ I, I:/ 0. . . MSd

6 M. H. n. .
'

'

. V ,

— , — mmm
, 4 M. H. I). .

"

.. .
— — — — HH

3 AL H. D. . . . .
— — Ho1

2M. H. n. .

'

.

'

,

.

'

'

..
'

; — — — -hdzBB : ^
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Table VII (a)

Test carried end with the heated sera

Strengili of

the coniplement

lOM.H.D.

8 M. ,H. D.
'

6M.H.D.

:
5 M. H. D.

D-

a^M'. H. D.

2 M, h:. B.

MruK serum
I against

V. ¥. 0 , HJ'

±

±

+± i:

l<’iltt:'ral)lc form scrum
11 against

±
+

i O,

+

,

+

+ 4-

HJ.

Bacterial scrum
III against

V.

db

+ dr.

0. HJ.

4±

Healthy Juice
serum IV against

,

V. F. 0. HJ.

Table VII (b)

Interpretaticn of tlio lesHlts of tlie compioBieiit fixation test indicated that

the mosaic leaf Juice (that is viius) has a distinct antigenic property as compared

to healthy leaf Juice. Mosaic juice was partly anticcmpleinentary while healthy

leaf Juice was veiy slightly anticcmpkincntaiy. Ccmpkment fixation with

virus antigen was greatest when it was put up against its own serum
;
less with

filterable form scium^ and organisms serum
;
and least (even less than control)

with healthy Juice serum.

Filterable foims antigen when put up with difierent sera failed to fix any

complement.

Organimis antigen fixed ccmpkment slightly when put up with its own serum

and that of filterable form, otherwise the reactions were negative.

Healthy Juice did not fix any complement even when put up with its own
serum, thus showing a lack of antigenic substance in the leaf Juice. This

indicated that the antigenic substance in the mosaic leaf Juice was the virus.

Antibodies were heat-stable, that is they could be heated without inactivation

upto the temperature of 56'^C» for half an hour.

H-

Ik
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Til© complement fixation was not much but it was sufficient to show the

relationship between the virus, filterable forms and the organisms and supported

the agglutination tests which were more definite. The difference from the reac-

tions of the healthy juice serum was very marked.

The tests were carried out at Haffkine Institute, Bombay, by kind permission

of Col. S. S. Sokhey, Birector, Haffkine Institute. Dr. Wagle, Assistant Direc-

tor, Haffkine Institute, greatly helped me in carrying out the tests proper for

which I am much indebted to him. The results of other similar tests are omitted

to save space.

(e) Effect of sera on infectivity of the mosaic leaf juice

These experiments were carried out to see what action was induced by the

various sera on the infectivity of the mosaic leaf juice. The leaf juice filtered

through a cheese cloth was used for these experiments.

The standard mosaic leaf juice was mixed with one tenth of its volume of

appropriate serum and the mixture well shaken and inoculated into test plants

within five minutes. Controls, were also inoculated with mosaic leaf juice

similarly diluted with water.

Scrupulous care was taken in inoculating the plants. Bundles of ento-

mological needles mounted on corks were carefully sterilized and all other articles

used were also sterilized. The hands were washed with an antiseptic in between
tl\e inoculations. The mixtures were slightly pricked with the needles in base of

th© leaves.

The appearance of mosaic in the plants was noted. The results of one of

these experiments are given below:-

—

Table VIII

No, of
No. of plants showing mosaic

Treatments Pots inocu-

lated

plants

Date of
inoculation

30th
Sept.

1933

2nd
May
1934

10th

May
1934

21st
May

* 1934

jControl (mosaic
leaf juice).

9 20 23rd April

1934
0 4 11 18-

Mosaic leaf juice+
healthy juice

serum.

10 16 0 3 7 11

Mosaic leaf juice-h

mosaic serum.
10 20 n 0

I

0 0 0

Mosaic leaf juice-+
filtrate serum

10 20 “o 0 0 0

Mosaic leaf juice rh
bacterial serum.

10 ‘ 18 0 0 6 12

Q
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These experiments definitely showed that the mosaic juice was inactivated

or neutralized by its own serum and further that such inactivation was also caused

by fitlterable form serum. The healthy juice serum as well as bacterial serum had

no action on the viru,s. Thus a definite proof of the similarity between the filter-

able forms of the bacteria and the virus was obtained, as the two above-mentioned

antigens produced such antibodies that they united and neutralized the viius.

That animal serum as such has im such effect was clearly shown by other sera

feeing to tiie vii iis-

Further experiments were conducted with the experimental plapts of this
’

.paries. .

-

1 Some of the non-mosaic plants from each of the series were ground up and

used for inoculating a further batch of plants to find out whether the symptoms

of the mosafc disease were masked in these plants and the plants had become

carriers of mosaic with mosaic virus multiplying in them. It was found that the

non-mosaic plants of all the series failed to infect the plants inoculated with then

juices showing thereby that the masking of symptoms did not take place and that

the plants were really mosaic free.

2. Two of the plants showing no mosaic wore reinocidated after 45 days with

the mosaic leaf juice to find out whether the plants werp susceptible, or an immunity

inherited or artificial had developed in the plants.

When the plants were finally examined' it was found that the non-mosaic

plants from the control series did not take infection even on reinocplation, showing

a kind of inherent resistance, while the non-mosaic plants of the virus-serum

mixture series took infection on reinoculation very readfiy, showing that thongh the

plants were susceptible the virus was neutralized in vitro in mixtures used for

first inoculations. Non-mosaic plants of the filterable form serum mixture series,

when reinoeulated with the mosaic leaf juice failed to take the infection and it

might be due to an acquired resistance. Further experiments are necessary to

come to any definite conclusions in this respect as the plants tried were only two.

'Further experiments were' conducted to see if the sera conferred immunity

Ijo the plwts if they were inoculated into them for this purpose. The sera diluted

jien times with sterile saliue solution 'were inocula;ted into a batch of plants apd the
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standard mosaic leaf juice was pricked into them after 10 days* ‘I'he results of

this experiment are given below:

—

TabIiE IX

Treatments Xo. of

pots
Date of

inocula-

tion

Date of

M. L. J.

inocula-

tion

Mosaie^
appearance
27th May

1934

Virus serum .... 2 23rd April
1934

Xone

Virus serum followed by mosaic leaf

juice after 10 days
8 >> 3rd May 4

Filterable serum . . . .
'

2 99 Xorie'

Filterable serum followed by mosaic
leaf juice after 10 days

8 »
1

3rd May
|

'i-

,

Bacterial serum . 2 99 S^one

Bacterial serum followed by mosaic
leaf juice after 10 days

8 99 3rd May 1

Control mosaic leaf juice 3 9‘9
;

',1

These experiments showed that the sera were not able to confer immunity to

the plants
;
even the mosaic virus serum failed to show any prophylactic power.

It is possible that the time allowed for the immunity to develop might be too short*

Again the amount absorbed by the plant might be too little. These points await

investigation before the question of immunity is finally settled.

CoNcnxjsioHS

A filter-passing cyclostage of bacteria isolated from mosaic-infected sugar-

cane leaves has been clearly demonstrated. Heomorphic unstable bacteria

which have only a very short cyclostage as bacteria but a long one as filter-passers

is a new phenomenon which has been discovered.*

The relation of this stable, filter-passing, invisible cyclostage to the sugarcane

mosaic virus has been definitely brought home by the study of the serological

reactions and a series of inoculation experiments in which the mosaic virus was
neutralised by the anti-filterable forms serum

; and these experiments suggested

that the mosaic vims was the stable eyclostage of a species of bacteria which have
a very unstable existence in the bacterial stage. The bacterial stage was anti-

genically different from the other cyclostages and also from the mosaic viras.

c %
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The species of bacterium isolated differs from all known bacteria m its bio-

chemical and morphological characters as would be expected from its cultural

behaviours The new conception of the etiological agent of the mosme disease o

^«r;equL to be investigated by, independent workers in this field, and

wfth the idea of stimulating such research the experimental data here recorded

are put forward in their present preliminary stage.
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L OCOURBEKCB

In July 1933 many sugarcane plants of Co. 300 and 313 were found to be

wilting at Mushari Sugarcane Eoseareh Station. Most of the plants affected

were found to be attacked by top shoot borers, but these insects very rarely kill

the plants outright and the affected plants wilted in such a short space of time

that other causes were looked for. The affected plants wilted completely within

a fortnight and a peculiar fermenting smell was noticeable in fields having only

a few plants so affected. The onset was sudden and all the leaves dried up though

the weather conditions were very humid and favourable for the plants. The

plants tyere examined and it was found that the disintergration and fermenfatioii

of tissues of the stem were taking place very rapidly from the top towards the

bottom. The whole stem had become a mass of soft stinking pulp, and was

found to be teeming with bacteria. The colour of the pulp was light grey and the

offensive smell was very marked. In plants examined at this stage there was no

sound tissue from which sections could be cut, but in plants showing incipient

traces of the disease, the tissues a long way below the dead heart were found to

be full of bacteria, mostly in intercellular spaces where the tissues had not dis-

integrated and in intracellular spaces as well in portions where fermentation was

advanced. The vascular bundles were discoloured though these tissues did not

disintegrate as did the other tissues. In advanced cases the leaves and the other

dead tissues formed a favourable culture ground for many saprophytes, and the

weather conditions favoured this secondary decomposition with the result that

the leaves were black with moulds and other fungi. Insect maggots were also

found in the fermented pulp, which mixed with the rain water and flowed all

over the plant disseminating the offensive odour and attracting flies and other

insects to the decomposing mass. The disease appeared to spread to adjoimng

stools which were quite healthy and without any top shoot borers
;
such plants

submitted suddenly to the rot and wilted within a short time.

( 387 )
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II. Methods OF ISOLATION AND CULTURES OBTAINED

The bacteria responsible for this disease were isolated by plating from various

affected tissues. The plating from pulped tissues invariably showed numerous

saprophytic bacteria and yeasts, together with moulds and other saprophytic

fungi. So many t,ypes of organisms existed in such tissues that it was difficult

to find which one was responsible for the onset of the disease. The tissues below

the rotted stem when minced up and plated showed a variety of bacteria and even

here the causative organisms were hard to identify. The tissues still further below

the rotted area were then tried, and from these it was found possible to isolate

two types of bacteria, one white and other bluish on nutrient agar. The orga-

nisms grew well in the standard nutrient media and were obtained in pure culture

by repeated plating in these media. No special medium was found to be neces-

sary. The medium used contained :

—

3*0 grams marmite

5’ 0 grams peptone

1000 c.c. water.

15 grams of shredded agar added to solidify the medium.

III. Pathogenicity

Pure cultures of these two types of bacteria were tried to find out their patho-

genicity and reproduction of the typical disease by inoculations. At first the

organisms were introduced into young plants by pin pricks, the organism

being smeared over the surface and pricked in. Nothing beyond local lesion

developed, which ultimately dried up in the case of the bluish type and in the case

of the white type nothing except the wounds due to pin pricks were observed.

Next the organisms were introduced into the plant by taking a plug out of the stem

by a small cork borer. A culture was introduced into the hole, the plug was

replaced and the stem tied up with tissue paper. In this case two plants out of

six inoculated by the bluish culture showed disintegration of the tissues though

not to a very great extent. Plants inoculated with the white organism remained

healthy. Thus a slight pathogenicity of the bluish culture was brought out, while

the white type was found to be unable to set up the dirintegration. The infection

took place only under excessively moist conditions.

The organisms were then introduced in borer holes of the borer-infected canes

and a few marked as controls. It was then found that the bluish culture rapidly

infected the tissues and set up the typical fermentation. Control plants remained

unaffected and so did the plants infected in the borer holes by the white type. On
trying to re-isolate the organism from the artificially infected plants it was found

that the same two types of organisms were present and were readily isolated.

It was at this stage suspected that the white type of organism though not parasi-

tic was helpful to blue type which was pathogenic in setting up vigorous dis-

integration of the tissues.
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A series of plants was therefore inoculated with white and blue, types
'

separately and together, and it was found that the mixed culture was markedly
more efficient in setting up the fermentation and disintegration of the tissues.

The organisms w^'ere not strong parasites
.

and when introduced by small

surface wounds did not infect the plants ; deep wounds and presence of dead
tissues near about helped the infection and yirulence developed after mass develop-

ment of the organisms at the point of infection. These conditions were only

fulfilled in the field when the organisms got entrance through borer holes or when
mass culture of the organisms were introduced into healthy plants by contacts

with the disintegrated tissues of neighbouring affected plants. The disintegrated

tissues from decomposed lesions w^ere found to be highly infective. The patho-

genicity of both the organisms was also tested individually and collectively on
hosts other than sugarcane. This was done because the bluish organisms resem-

bled in some respects margfmnfe, B. aptatwm and B, xcmthoGhlomm which

are known to he pathogenic to solanaceous and other plants. Isolation of a

similar organism from rotting potatoes has been reported by Hutchinson and

Joshi[1915].

Potato, tomato, capsicum, brinjal and tobacco plants were infected by various

methods and in varying conditions, but the organisms did not attack any of these

plants. Bean plants were also inoculated hut here too the organisms remained

innocuous. Maize and Euchlmia mexicanawem next inoculated but except for

sugarcane the organisms were found to be non -pathogenic. The organisms were

more infective in Co, 300 and Co, 313 than in Co. 213, though some amount of

infection took place in other varieties of sugarcane tried. Later in the season,

when the weather condition had become unfavourable, the infection did not

spread rapidly unless the plant was covered up with a bell Jar and kept in a warm
place. Under these conditions the infection took its usual course.

Long cultivation on agar seemed to reduce the virulence of organisms for

sugarcane.

When the artificial conditions of the test plants coincided with the natural

condition of the bored plants the infection spread very rapidly and the typical

smell and decomposition of the tissues took place.

IV. Biochemical BEACTiOHS

Morphological observation and biochemical behaviour of the causative orga-

nisms are described below :

—

These organisms were srhall rods 0'6-l*2 ^ X 1 2-2*2 p in size without any

spores or capsules, and were motile bjr single polar flagellum, which stained easily

with any flagella stains.
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Organisms were Gram negative and were easily discoloured by acid.

Ordinary Agar .—^pH 6*5 at 30°0.

Colonies :—Greyish blue. Slight diffusion of greenish pigment in the agar

surroimding the colony. Moist. Slightly raised.

Streak :—Greenish white, copious growth in water of condensation, diffusion

of fluorescent pigment in the agar.

.‘—Liquified within 48 hours. Crateriform, and fluorescent.

Nutrient broth.—Gieenish yellow fluorescent turning deep green on shaking

and assuming again the yeljowish fluorescent appearance on standing. Clouding,

slight
;
pellicle at the top, no precipitate. The pigment decolourised by acid.

Reaction of the medium neutral. Turning alkaline with evolution of ammonia.

Sugars^ etc.—Glucose, saccharose, lactose, and glycerine fermented without

gas. The reaction remains neutral. No fluorescence.

Milk .—Peptonized but not coagulated with zone formation. Top, bluish

yellow, middle reddish blue and bottom unchanged in case of litmus milk. Pro-

duction of yellowish pigment in ordinary milk with clear peptonization and slight

precipitate at the bottom.

Potato .—Greenish yellow growth. Diffusion of greenish pigment in the

potato tissues. Diastase present.

Uschinsky^s solution .—^Medium cloudy, slight pellicle.

Nitrate broth .—^Nitrate not reduced to nitrite.

Indol .
—^Not produced. Hydrogen sulphide not formed.

Pectinase.—Present, dissolution of the middle lamella very marked. This

property is responsible in the formation of pulpy mass in the rotting sugarcane as

observed in the fields.

The characteristics of these organisms were compared with B. aptatum, B.

marginale and B. xanfhochlorum and the points of resemblance and difference

" are given in Table 1.

"i. ^
'
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Table I

' Stinking rot B. apataium B. marginale B.,xmthoeMonm

1. Onlyone polar flagellum Bipolar flagella One to three polar flagella One to three flagella

2. No spores . No spores No spores No spores

3. ^0 capsules No capsules . . . Capsiiles ?

4. Aerobe Aerobe . Aerobe Facultative aerobe

5. Gram negative . Gram negative . Gram negative Gram negative

6. Not acid fast Not acid fast . . . Not acid fast Not acid fast

: 7. Agar colonies. Bluish,
thin, smooth entire,

flourescent, agar
yelk'AVish green, fluore-

scent.

Agar colonies smooth, flat,

glistening, entire,
internal fish scale mark-
ings. Agar green
fluorescent.

Agar colonies cream be-
coming yellow, round
smooth, thin, agar
brilliant green.

Agar colonies yellow white
to fluorescent

8. Milkp eptonised but not
coaguiated, with zone
formation. Top blue,
middle reddish blue
and bottom unchanged

Milk coagulated .

,

'

.

1

Milk coagulated
turned green.

and Coagulated and peptonised
with green fluorescence

9. Gel. liquefied Gel. liquefied . . Gel. slowly liquefied Gel. liquefied

10 Growth in sugars.
No gas, neutral.

?
, No gas, acidic. Dextrose No gas, acidic. Dextrose

and sucrose.

11. Ammonia produced . Ammonia produced . Ammonia produced
'

?

12. Nitrate not reduced . Nitrate not reduced . Nitrate reduced . . Nitrate reduced

13. Diastatic action
present.

No diastatic action . . Diastatic action feeble . Diastatic action present

14. Fermfls sol :—Slight
grovdh. Thin pellicle.

Thick pellicTo and growth. Heavy clouding
thick pellicle.

and Some clouding

15. Conn*s no growth No growth . . .

16. Indol not produced . Indol produced No indol . Indol produced

17. Host (natural) . Host (natural Host (natural) . Hosts

SacMrum officinanm Beta vulgaris , Lactuca sativa . Campanula ranunculus

Non- pathogenic to
Capsicum annuum.

Tropaeolum majus Best
{Artificial).

Paucus carota

Phasec^u^ mlgori, Sola-
num tuberosum:

Capsicum annuim . Ltipinus nanm dmglasi

Nicotiaua iahaeim Lactuca sativa . . Nicotiana tabacum

Laetuca sativa . PJmeolus vulgaris . Phpsalis alkekengi

Zea Maize Solannm melongena . Solanum tuberosum

EtieJilaena mexicana . Vida faba

From this table it would be apparent that the organisms of sugarcane stink-

ing rot belong to the group ofB. ppocyaneus with, a specialized parasitism developed

against sugarcane and the name of B. pyocyaneus saccharwm is suggested for the

organism..

D
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I. Introduction

Investigations on Sderotium oryzae Catt. associated with the rice plants

{Oryza sativa L.) were started at Pusa in 1911-1912 foliowin upon the discovery

of plants affected by this fungus in Bengal and Burma. Since those preliminary

studies were conducted, the disease which this fungus was supposed to be causing

did not attain the serious proportions which were hrst apprehended and interest

in it seems to have waned in consequence. In 1930-1931 however a serious disease

of rice which appeared in theRajasahiand Dacca divisions of Bengal was asso-

ciated with this fungus and investigations were therefore re-s arted in October

1931 to determine the factors which made this disease a severe epiphytotic and

to find suitable measures for preventing and controlling the disease. It was also

intended that a watch should be kept for types of rice plants that would resist

the disease.

( 393 )
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II. Review of literature

Tile sclerotial disease of rice was first described by Cattaneo [1879] from

Italy where it was found to do a good deal of damage to the rice crop. He found

that the culm of the alfected plants was covered with a black discolouration near

the soil level which later spread to all the leaf sheaths. Due to the pressure exerted

by the parasite within the tissues, the epidermis of the plant burst and the plants

withered and died. The name by which we know this fungus was given by that

inves.tigator. ,

At the time of distributing an exsiccatum of oryzae, Briosi and Cavara

[1886] published a short description of the disease and the causal organism. The

symptoms described by them laid stress on the black discolouration of the culm

near the soil level and its ultimate rotting and they confirmed Cattaneohs observa-

tions in other respects.

The earliest mention of 8. oryzae in India is by Butler [1913] who found it

in association with the rice plants in Upper Burma. Some of the partially sterile

plants did not have any insect attack but they were infested by the sclerotia

of the fungus- In addition to this sterility, the plants showed the symptom of

excessive tillering or the development of green sterile shoots from the basal nodes

of the stock. The base of such plants was discoloured and was also invaded by
fungal byphae. The specimens were brought to Pusa where the associated fungus

was identified as

Very shortly afterwards Shaw [1913] published the results of an investigation

carried out by him on this fungus. The chief symptom of the disease was stated

by him to be tillering. The culm gradually turned yellow and died and if any
panicle was borne, it was poorly filled and the grain was extremely light. The
details of the cultmal study conducted by him considerably supplemented the

rather meagre description of the fungus given by Cattaneo [1879]. Ho infection

experiments in pots or n the fields seem to have been conducted but tho

pathogenicity tests carried on in potato (Roux) tubes in wdiich seedlings were
grown and infected gave 70 to 80 per cent success provided the mycelium
used for infecting tho plants was young and vigorous.

A stem rot of rice ascribed to this fungus was described by Tisdale [1921]

from Louisiana in tho U. S. A. The affected plants had more or less entirely

coUapsed and the panicles were partially sterile. The stem nearer the ground,
two or three nodei from the base, appeared darker and showed sclerotial infesta-

tion. The intemode where the irrigation water stood was found to be completely

destroyed, the epidermis alone remaining intact. Infection experiments con-

ducted by him with the fungus were hundred per cent successful.

In Indo-Cbina Vincens [1923] considered a sclerotial fungus to be the cause

of the ‘ tiem ’ disease of rice. The disease was characterised by a sparse growth
of the plant, the stems of which beoamo thin and leaves small, rigid, and pale.
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He; fsAlatedfrom tli© base of dried leaves and from witliin the leaf .sheaths a

fungus wliieh resembled S, oryzae in all respects*

x^ccording to Reyes [1929] the sclerotial disease of rice appeared to be dhe
,

,

ir ost destructive in the Philippines. The disease was detected in the field when
the leaves began to turn yellow indiscriminately, followed by a stunting of the

plants. Young leaves of the diseased plants were sornewhat darker green and

they tended to become stiff mid erect. Three were isolated which were

identified as three strains of ScleroUum oryzae and were designated as A, B, and
C strains. Infection experiments in pots with the three strains gave 100 per cent

success with a susceptible type of rice. Field tests gave from 20 to 93 per cent

success.

According to Park and Bertus [1932] the sclerotial disease seemed to have

been doing a good deal of damage to the rice crop in Ceylon. They state that

it had been noted by Petch even as early as 1913. Park and Bertus found that

the disease developed in a nursery in the seedling stage and one variety was so

biwliy damaged that only a few of the plants survived. Examination of the

affected plants invariably showed the presence of scierotia which were identified

as those of 8. oryzae. Plants approaching maturity showed an unusual production

of young shoots or tillers and the stalk gradually turned yellow and died. The

infection experiments with seedlings gave on the whole successful results.

Abnormal tillers were also noticed when infections were made on advanced plants,

some affected plants even succumbed to the disease.

Symptoms of sclerotial disease as it occurs on the rice crop in Arkansas, Texas

and Loiiisiano in the U. S. A., are. described by Tullis and Cralley [1933]. The

easiest inaiiifestation of the disease was the presence of small black lesions on

the outer leaf sheaths of the plants at the water line. The stem at this region

showed considerable rotting as the spots enlarged and finally the tillers that were

normally produced at the base were killed and the whole plants later succumbed

to the disease.'. ..

From the rather detailed review of the symptoms of the disease of rice

supposed to be caused by jSclefojfmn oryzae given above, it will he apparent that

(1) the Bcodling disea^se due to this fungus, under natural conditions, has been

recorded onl}^ in Ceylon, (2) that the phenomenon of excessive tillering has been

associated witli the disease by investigators at Pusa^ ssiid Ceylon, and such a

symptom has not been observed in Italy, Indo-China, the Philippines or the

IT. S. A., (3) that in these countries the most important symptom of the sclerotial

disease is a stem-rot which leads to a yellowing and drooping of the plants and

fincdly to their dea,th and that these symptoms have not been recorded in India.

In all cases however the scierotia of 8. oryzae were unmistakably present in the

culms. There are thus considerable differences in the symptom-.picture of the
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disease as described, for in India the' acute rot of the stem has not been observed

'

i either by previous investigators or by the writer while the symptoms noted here

have not been found elsewhere.

j

III. SPP. INCLUDED IN THE INVESTIGATIONS

I

I

Cultures of Sckrotium oryzae and other Sclerotium spp. for the study were

I
assembled from several sources. In many instances straw bearing the sclerotia

was secured from different geographic locations in India from which the fungus

was isolated. Many of the cultures were kindly sent by pathologists in other

countries.

In making the isolations, pieces of straw bearing the sclerotia were washed with

mercuric bichloride solution (1: 1000) and then with sterile water. These pieces

were transferred to a sterile Petri dish where the sclerotia were aseptically teased

out and transferred to oat agar (five per cent Quaker oats and one and one half

per cent Bacto agar). Pure cultures of S, and other Sclerotium spp. were

thus obtained.

As soon as the cultures were isolated or were received from abroad, single

sclerotia were picked on a transfer needle and planted on potato-glucose agar

(one litre of clear infusion from 200 grams of peeled and cut potatoes + 2 per cent

glucose ~f 2 per cent Bacto agar). The cultures of S. oryzae produced after about

10 days a coral pink colour (Ridgway : ‘Colour Standards and Nomenclature
’)

on this culture medium, which later became jasper red. This characteristic

helped in sorting out the cultures of 8, oryzae for none of the other sclerotia-

forming fungi that were encountered in this study had this property. Production

ot various shades of pink by this fungus has been noted by Shaw [1913] and Park

and Bertus [1932] on some substrates including maize-meal agar. When that

agar was made according to the formula of Shear and Wood the cultures did not

develop the pink colour in the writer’s studies. The colour on the contrary was

olivaceous to greenish mixed with slaty grey. The colour production was noted

when the cultures of 8. oryzae were grown on the following other media : Lima
bean agar, Brown’s synthetic agar and oat agar. Deepest colour production was

however on the potato-glucose agar. It was noted that the intensity of the

colour produced depended on the variety of potato used in making the medium
and on the strain of 8. oryzae. For example the intensity of colour produced on

a medium made from potatoes sold at Pusa as ' Hill potatoes ’ was not so intense

as on that made from local (' Dehati ’) potatoes. Likewise isolate Nos. 1, 3 and 4,

(Table I) produced more intense colour than the rest of the strains.

When the fungus was grown in flasks on potato-glucose agar, the progressive

change in the colour of the medium could be watched. Some isolates changed

the colour quickly while the others were rather slow in doing so. Colour produc-

tion did not seem to depend on %ht for inoculated flasks placed in a dark
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chamber developed the colour. If the jlasks were left for eight to ten weeks,, the

colour slowly faded and after sometime a faint indication of pink could be seenj

When the isolates were grown on potato-glucose broth (the above ingredients

without the agar) in flasks, colour was produced with equal intensity and when
the liquid was filtered, the filtrates were scarlet. The description of the cultures

included in the study follows :— '

Tabue I

Cultures of Sclerotium 5pp., used in the €oni.^arative study

Serial No. Description

1 Isolated from straw obtained from Dacca. October 1931.

oryzae.

2 Sent by M, Park, Ceylon, February 1932. Chromogenic strain of

S, oryzae.

8 Sent by E, C. Tnllis, U. S. A. Originated in a single ascospore
from Leptosphaeria sAvinii Catt. April 1932. S, oryzaS,

4 Sent by XT. Thet Su, Buiina. May 1932. S, oryzae.

„ 4

5 Sent by H. Chowdhury, Punjab, October 1932. 8, oryzae.

6 Sent by T. Nakata as >8, ort/sae. September 1932,

7 Isolated from straw, Anakapalle. S, oryzae^

8 Isolated from straw from Mymensingh. Bderotium , Octo-
ber 1931.

9 Sent by M. Park, Ceylon (? 8. oryzae^ non-chromogenic strain’*').

10 Sent by IT. Thet Su, Burma as 8, oryzae, large size.

11 Sent by T. Nakata, Japan, as 5. sphaeroiies. May 1932.

' 12 ^ Sent by T, Hemmi, Japan, as ,S. ori/zae saiibm Bawada, May
1932.

(*^Bee ax3i)endix)

In addition to the above, S. oryzae has been isolated from rice straw received

from Jorhat in Assam, Kalashakaku and Kamal in the Punjab, Karjat in the

Bombay Presidency and from Kashmir. /ScZerofew resembling accession No. 8

has also been isolated from rice straw from Kalashakaku, Karnal, Chinsurah,

Motihari and Maruteru. Two more sclerotia-forming fungi were isolated from
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some of the rice straw, one of which resembled a culture sent by Br. T. N.akata

under the name Scleroinm microsphaeroides Nakata, while the other one is of

the MMzoctonia type. Studies with these are not yet complete and they have

not been included in this report. None of the Indian isolations resembled the

fungus sent by Dr. T. Hemmi as Sclerotmm oryzae-sativae Sawada and as it. did

not seem to occur here, the culture and the sub-culture w^ere killed in order not

to introduce a new fungous parasite into the country.

IV. Moephologigal studies

Extensive experiments to determine the influence of physico-chemical factors

on /S', oryzae were planned but when the pathogenicity tests of 1932 indicated that

the fungus under Pusa conditions did not produce disease, laboratory work was

considerably slackened and it was stopped completely when the results of 1933

experiments confirmed the previous year’s negative results. Enough however

was done to determine a few growth characteristics and morphological features

so that it is possible to define the Sderotium spp., associated with the rice straw

in India.

S- oryzae Catt.—This Sderotium seemed to have a preference for those media

which contained an infusion from cereals or vegetables. On Brownes sjmthetio

agar, which contains starch, growth was fair but on completely synthetic media

like the Czapek’s, Richards’ and Coons’ growth was extremely poor and

sclerotial formation scanty. Production of a coral pink to jasper red colour

by this fungus on certain substrates has already been noticed.
,

^

A white fluffy growth began to appear on potato-glucose agar the third day

after making a transfer and sclerotia appeared on the ninth day together with

smoky lobed appressoria. The mycelium became olivaceous to black at the

edge of the medium in the test- tube but not in all the strains, especially isolate

No. 8. Some isolates (m2:. 3 and 7) formed more aerial than submerged mycelium,

which was of a pale drab gray to smoky gray colour. A thick layer of sclerotia

was formed just beneath this aerial growth.

The young mycelium from a potato-glucose agar tube was hyaline but as it

aged it developed a pale amaranth pink colour. Branching was profuse and at

the base of the branch ther^was a slight constriction and a basel septum and
this faintly resembled the mode of branching in Bhizoctonia solani Kuhn. The
older mycelium was highly vacuolated and chlamydospore-like structures men-
tioned by Shaw [1913] abounded. It was observed that the mycelium from onion

agar where the substratum was not discoloured, except at the edges, where it turned

black, was sub-hyaline. The mycelium was from 3 to 5 [x broad and the length

of the cells varied from 40 to 225 p.

The cultures were grown on oat agar for obtaining an abundance of sclerotia

for the purpose of measuring their diameters. The cultures were a month (30 days)

old at the time of measurement. The sclerotia were picked from any random
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place, nioiiiited in la cto-plienol (one part each of lactic acid, phenol, glycerine

and water by weiglit) moiiiiting medium and two diameters at right angles to

each
'

other were measured and were then averaged. By accident 210 sclerotia

were m.easiired at the first instance and the same' number was measured in the

other cases likewise for the sake of uniformity. There is thus not any special

virtue about that iiuinber.

The frequency distributiens of the sclerotial nieasureinents, the range, the

mean and its standard error a-nd the ccefficient of variability are given in

Table IT.

Table II

Frequency cUstribuiions and biomefric constants in microns of diameters of seven

isolates o/ Sclerotium oryzae

TsG'

Classes Bionietric constants

,

late
^0 .

1

1

156 182 208 234 261 287 313 339 365 391 417 413

1

409 495 522 548 5T4 600 Mean

Coemei-
ent of

variability
per cent

1 ... 5 14 56 57 46 27 10 4 1 ... ... ... ... 266±2‘63 14-3±0 n
2 ... 11 34 47 47 43 11 7 3 4 3 1 ... 28'f>±3 *32 16 8i:0'84

8 3 17 31 41 69 33 15 1 ... 242±2-48 14-5i0'72

4 ... 4 35 61 79 24 6 1 ... ... 1 ... '284±1*88 |l0*9i0‘54

5 2 7 7
'

- 8 18 13 25 20 ! 29 20 21 13 8 10 8 |405±5*97 '21‘S±1‘08

6 2 9 20 37 40 50 36
1

12 4
1

347i2-46 10*3±0 51

7 6 17 29 36 46 34 10 14 1 8
1

1 1 ... 310±3*43 16-0+0*80

* In this and other tables, standard errors are always given.

In the data recorded in Table II, it will be noted that the I'ange of the diameters

of the sclerotia of the different cultures varied from 156 to 600 g and the mean
diameters frem 242 to 405 g. The isolate with the largest mean diameter showed

rather high variability in size so that it would have been better had a larger number
been measured. The measurements given are in general accordance with those

recorded by Shaw [1913] and Tisdale [1921]. The mean diameter of the Ceylon

strain is 286 ± 3*32 g and the diameter of this same ScleroUnm according to

Park and Bertus [1932] is 374*5 + 4*3 g. This discrepancy can be explained

by the fact that they did not secure their sclerotia at random but selected them
from one half inch from the point of inoculation in a maize agar tube. It is

possible therefore that this is the cause of the discrepancy.

Briosi and Cavara [1886] found the sclerotial diameters to be 150-180 g
but Ashby states (in a personal communication) that he measured 16 sclerotia

from their exsiccatum which gave a range of 225-330 g with a mean diameter
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of 270 Tlie writer measured ton sclerotia from their exsiccatuin that is in the

Pusa herbarium and the range obtained was 208-339 with a mean diameter

:of262 g.

It was of interest to determine whether the diameters of sclerotia of culture

No, 3 (sent by Br. Tullis) which had its origin in a single ascospore (in its Lepto-

splimria stage) showed any consistency in size in view of the variation show^ii by

the sclerotial bodies. The fungus was grown on oat agar for thirty days, a sub-

culture for the second clonal generation made, and tlien two hundred and ten

sclerotia were measured. The second clonal generation was also grown for

thirty days, a sub-culture for the third clonal generation made, and the sclerotia

were measured. The third generation sclerotia were also measured after thirty

days. The frequency distributions and other biometric constants will be found

in Table III.

Table III

Frequency distributions of sclerotial diameters of three clonal generations

Progeny

Classes in microns Biometric constants

I5f» 182 208 234 261
1

287
i

313 339 Mean S, B. C.V.±S.E.

'

, 3i 3 ,

17' 31 41 69 33 15 1 : 242 ± 2 '48', 14.5 ±0*72

3a 1 16 23 30 76 26 17 12 258^2*57 14.4 ± 0*71

83 ,
2 13 30 47 66 36 14 .2 251 ±2*43 14-0 ±0-69

These frequency distributions were then compared using the Pearsonian

method suggested by the writer [Mundkur, 1934] cell by cell with a view to see

whether they could be considered as having descended from the same parent.

The value of and P (Fisher’s table) are given in Table IV.

; Table IV

Comparison of sclerotial diameters of three clonal generations of S. oryzae, culture

No. S

(Generations compared Z2 P(between)

3i and 3^

3i and 83

3a and Sg

11.8645

1 .6082

12.0625

0.10 to 0.20

0.98 to 0.95

0.10 to 0.20
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' From the' data recorded in Table lY it will be obserred that the values

of P are sufficiently high. According to Fisher [1932] if P is between 0* 1 to 0*9

there is no reason to suspect that the differences in mean diameters are such as to

rule out the hypothesis that the sclerotia belong to the same general population

or a common parent. It is only when the value of P is 0*02 or below that a

strong indication points to their not belonging to such a population. As all the

values of P in the table are within the non-significant range, it can be concluded

that the mean differences in the diameters of the sclerotia are not such as to pre-

clude the possibility of their belonging to the same parent which we know they

do ill terms of the experiment.

Tullis [1933] 'has reported that HelmintJiosporium sigmoideum Cavara is the

conidial stage and Leptospkaeria salvinii Catt., the ascigeroiis stage of S. oryzae.

He obtained the former stage in culture media as well as on affected plants while

the latter stage (ascigerous) was obtained only in the affected leaf sheaths and
culms. This conidial stage w’as also obtained by him in cultures of S. oryzae sent

by the writer from Pusa. No such conidial stage was observed in culture media
at Pusa but when the agar from the culture tubes bearing the mycelium was

asceptically taken, placed on a sterile watch glass and incubated in a sterile moist

chamber in diffuse light, conidial production has been obtained. The Indian and
Burmese strains of the fungus belong therefore to H, sigmoideum in their conidial

stage and therefore to L, salvinii, the ascomycetous stage, by analogy.

Sclerotium sp,—Isolates included under this heading comprised accession

Nos. 8, 9, 10 and IL Park and Bertus [1929]* considered this as the non-ohromo-

genio strain of S, oryzae but their detailed account which seems to have been

sent up for publication* {vide Adm, Report, Ceylon Dept, of Agric, 1931, p. D 111)

is not however yet available.

The culture sent by Dr. Tanaka was labelled ' S. sphaeroides Nakata, formerly

called Sakiirai’s Sclerotinm No. 2.’ A search in literature to find out where the

fungus may have been described by him proved fruitless, neither could it be

ascertained from the author himself.

Cultural studies revealed that these four isolates belonged to one fungous

species which differed from S. oryzae in several respects. Grown on oat or potato-

glucose agar media, there was not any production of colour in the substrates which

retained their original tint. The fungus did not seem to have any discrimination

against synthetic media for it grew well on all the common media, vegetable,

cereal or synthetic. It was noted that sclerotial formation started within six

days of planting a sclerotium of the fungus on a nutrient medium. After some

time aerial growth appeared to be rather scanty, for all the aerial hyphae had

by this time been turned into sclerotia of which there was an abundance. Hyphae
within the substratum were however plentiful.

e2
* See appendix.
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The yoimg mycelium from a potato-glucose agar tube did not show much

branching but the older mycelium was profusely branched. It was Iiyaline and

there was not any development of colour within the hyphae, however old. Chlamy-

dospore-like structures and the appressoria were absent. The constriction at the

base of a branch was more of the Rhizoctonia type. Septation was close, the

length of cells being 25 to 80 g and the breadth from 3 to 5*5 p. Clamp con-

nections were rather rare.

The sclerotia appeared smooth but they really had a rough surface due to

slight protrusions. The sclerotia were spherical, sub-spherical or oval, and some-

times three to four sclerotia were fused. To begin with they were whitish but

later they turned browm and finally to fuscous black. Hardly any of them were

submerged within the substratum. Their diameters ranged from 217 to 713 jx.

Two hundred and ten sclerotia of each culture were measured and their mean

diameters and other biometric constants are recorded in Table V.

Table V

Biometric constants of sclerotia of Sclerotium sp.

Isolate No, Range
^

Mean ± S. E. Coefficient of

variability ± S.E.

Per cent

8 269 - 713 443 ± 5.16 16.8 ± 0.84

9 209 - 713 465 ±5.95 18.6 ±0.93

10 269 — 713 446 ± 4.92 15.9 ± 0.79

11 217 — 609 442 ± 5.93 19.4 ± 0.08

The data recorded in Table V shew that there is not much variation in the

mean diameters of the sclerotia, excepting that the culture from Ceylon seemed

to have rather large sclerotia.

The question of nomenclature of these isolates now remains to be settled.

This fungus (all the four isolates) differs from S, oryzae in the inability to produce

pink colour on certain substrates, in the ability to grow profusely on synthetic

media, in the mycelium being hyaline, in the absence of smoky lobed appressoria

and the chlamydospore-like structures, and in the size of sclerotia which are

decidedly larger. It has not formed the H. sigmoideum stage even though several

methods to induce the stage were tried. It can by no means be considered there-

fore as the non-ehromogcnic stage of fif. oryzae.
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Nakata also seems inclined to consider this as a distinct fungus for he calls

it S. S2ihaeToides but it cannot be designated by that name as this binomial has

already been used by Massa [1912] to describe a sclerotial fungus on Lychnis dioica

L. in Italy.

But the branching of the hyphae in this fungus is very typical of Ehizocfonia^

for there is the typical constriction at the base of the branch and also the

basal septum. The sclerotial surface is not smooth hut rough as in the case of

Ehizoctonia and the fungus has therefore to be placed in that genus. Ashby
to whom a culture was sent for the purpose of identification compared it with a
culture of R. microsclerotia deposited at the Centraalbureau voor Schimmelcultures,

Baarn, Holland by Dr. T. Matsumoto and found that it differed from it in several

respects. But Ashby states (in a personal communication) that the culture sent

from here tallied in several major respects -with the published description of

R. microsderofia given by Matz [1917, 1921]. Even though Matz; mentions

a corticial stage which has not been observed in the culture here, the writer is

disposed to agree with Ashby, As an authentic culture of Matz’s strain is not

apparently available, cultures w^ere submitted to Dr. J. Matz for his judgement in

the matter and he wrote :

Two of the tubes contained unmistakably the fungus Rhizoctonia micro*

sclerotui Midi were inscribed with the number 59. I am sorry I am
unable to send you cultures of my Rhizoctonia microsclerotia or

R.alhaR

(The number 59 mentioned above refers to number 8 used in this publica"

tion).

The Indian, the Burmese, the Ceylonese and the Japanese cultures are there-

fore identified as those of Rhizoctonia microsclerotia. A culture of a Sclerotiim

isolated from the Philippines rice straw was received from Dr. C. J. Humphrey,

and it was identical with the cultures of R. microsclerotia

.

A culture of isolation

No. 8 has been deposited at the Centraalbureau at Baarn as it has been authenti-

cated by Dr. Matz, Mr. Ashby and the writer.

V. iNFECTIOr^ EXPERIMENTS

Infection experiments were started in the rice season of 1932 both in pots

and fields. The pots were usually of glazed earthenware and were filled with

soil from the rice fields. An adequate number of them were-steam-sterilised under

pressure for two hours. Pour plants were usually sown in each pot, unless other-

; wise stated.

There were three plots for conducting the field experiments, each 26 x 18

feet, lying side by side, in a^north to south direction. In 1932 it was noted that

these plots
,
were badly infested by termites. The soil to a depth of a foot was

therefore removed and replaced with soil from a good rice field in April 1933.

The centre plot served as a check plot. The other plots and the pots were infested
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with- cultures of 8, oryzae in the fourth week of April each year. These cultures

were grown out large quantities of a sterilised mixture of paddy and straw

in 1500-c.c, - flasks. The fungus was allowed to grow in the flask for six weeks

during which time it formed profuse .sclerotia. Contents of six such flasks were

added to each of the two plots which were ploughed soon after and irrigated. The

pots were likewise infested with large quantities of the fungus and irrigated, and

water was allowed to stagnate both in the pots and the fields. The plots were re-

infested in 1933 and 1934 and during these years additional infestation was also

done after the crop was eleven weeks old. In 1934 further infestation was done

by adding straw bearing the sclerotia to the soil in the two infested plots.

At the time of sowing, the seed was mixed with the sclerotia in 1932 and 1933

but not in 1934. The plots were sown with seedlings raised in the nurseries. They

were dipped at the time of sowing in a suspension of sclerotia. It will therefore

be noted what great care had been taken to see that infestation of the soil by

the fungus was particularly heavy. The infectivity of the soil was therefore all

that could be desired provided of course that the fungus was pathogenic.

Ex-j^eriments in 19S2 ,—The seed for these experiments was obtained from

the Dacca Agricultural Farm where the disease had appeared in an epidemic form

in 1930-1931. The seed was designated Indrasail and was supposed to l)e parti-

cularly susceptible to the disease. There were 24 pots containing sterilised

soil and the rest had ordinary soil. The results are tabulated in Table VI.

Table VI

Infection experiments in 1932 with cultures of Sclerotium oryzae

Date of sowing 'No. of pots Total plants
1 Culture

1

niim]:)er

Number
attacked

June 10 20 1 None

Juno 10 4 IG cheek None

Jline 10 . . 4 : 16 2 None'

June 10 5 20 3 None

June 10 (i 24 4 None

Juno 28 4 IG 1 None

June 28 0 24 3 None

July 19 5 20 1
, None .

September 21 G

}

24 1 None
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Tile tests conducted iii' July and September were done In ordinary flower

pots ill iinsterilised soil. None of tlie plants showed any symptoms of the disease

at any time. There were not' any lesions or any excessive tillering and the panicles

were normally filled with grain. In the pots sown in June and July the fungus

wars not only incorporated with the soil and given with the water on two occasions

(July 13th and October 10th) but agar bearing the mycelium was .placed within

the leaf sheaths. There were no symptoms of the disease even then. The pots

sown in July and September flowered rather late, that is in November, but the

experiment was terminated at the same time as the June pots and it could not

therefore be ascertained whether they bore well-filled panicles or not. After

harvest the straw was stored in a dry place and when examined a week later it

showed the presence of a large number of sclerotia.

Field tests in 19B2 .—^The seed was sown in beds on the 3rd of June 1932 and
transplanted on the 16th of July 1932. The crop was carefully watched. In July

and later, several plants suddenly dried up and died. These were picked and

examined when it was found that they had all succumbed to termite attack. Such

deaths took place even in the check plot. The crop suffered from leaf spots due

to Helmintkos'pormm oryzae Breda de Hann, but of the symptoms of the sclerotial

disease, there were none. There was no excessive tillering or stem rot and the

plants bore well filled panicles. After harvesiin November the straw was examined

for the sclerotia. Several of the plants bore these in the leaf sheaths but they

became appreciably greater in numbers after about a week when the straw had

partially dried.

Experiments in 1933 .—The tests during this year were carried out in the

same manner as in the previous year, except that the quantity of inoculum in

the plots and pots was more than kvst year. Furthermore three more isolates

collected during the previous year were also tested for their pathogenicity in the

pot experiments. The seed for the experiments was secured from the Economic

Botanist, Dacca and was designated Chinsurah No. 1 by him.

Pot experiments ,
—^The results of the pot experiments are recorded in Table

VII. The soil in the pots this year was not sterilised.
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Table VII

Infectmi exiiemnents m pots ivitli Sclcrotlimi spp. m

As glazed pots were not available for all the testvS, ordinary flower pots

were used for isolates Nos.- 6, 7, 8 and 11.

None of the plants showed any of the disease symptoms caused hj 8. oryzae.

There was no abnormal tillering and the plants were not sterile. In ten ordinary

pots seed had been sown but the soil was not infested with the fungus. These

also remained healthy. It was noted that the plants did not bear well and this

feature was manifest in the control pots also. On the whole the Dacca seed did

not seem to be well adapted for growth under Pusa conditions.

Several trials were made in June-July 1933 in small four inch pots to see if the

disease could be produced in the seedlings. There were twenty such pots and to

each one of them large quantities of the fungus were added. Six seeds were sown
in each pot and the seedlings were kept under observation for about five weeks,

but there were no signs of any seedling disease. The pots were then abandoned.

As Shaw [1913] and other investigators obtained successful results when
they infected the plants growing in test tubes, similar tests were done in the month
of July, 1933. The technique followed was the same as described by the writer

[Mundkur, 1926] and as a liquid culture medium Skive’s R5C2 solution was used.

In addition to lai*ge test tubes, one inch broad and nine inches tail, seedlings, were
raised in Roux tubes. In all there were twenty -eight large test tubes and thirty-

six Roux tubes. The seed used in these studies was the same Dacca seed as used

in the pot experiments and it was, prior to use, surface-sterilised for three hours in

a solution of calcium hypochlorite (bleaching powder) as recommended by Duggar

Date of sowing
No.

of

pots 1

No.
of

jdants

Culture
xised

Number attacked

3rd June 1933 . 5 20 ] None

3rd June 1933 . 6 24 3 None

Si'd Jtme 1933 . 6 21 4 None

3i'd Juno 1933 . . . 24 5 None

7th Juno 1933 .

1

3 12 6 None

7th June 1933 . 6 24 7 None

7th June 1933 . 4 16 3 None

7th Juno 1933 . . .

'20

1

11

i

None
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and Bavis [1919]. Two seeds per test-tube were placed on 6tb July 1933 and tliese

test tubes were kept in a warm place. The seed emerged within four days. On
the tenth, day when the seedlings were about two inches highj.tliey were infected

'

with sclerotia and vigorously growing mycelium from isolates, No. I, 2, 3, 6,

7, 8, 9, 10 and 11. There were six tubes for each culture and ten served as

controls.

The tubes were placed first in diifuse light and later they were transferred to

strong light. On the 14th day, that is four days after infection, some of the plants

showed lesions and this symptom became general two days later in all the infected

tubes. The mycelium was also seen to be growing well. Three weeks after the

sowing of the seed in the tubes, the plants began to die and most ofthem were dead
within the twenty-fifth day. The plants in the controls showed no such

symptoms and remained very healthy.

The infected tubes were abandoned and on the twenty-seventh day five of the

control tubes were infected with isolate No. 1. The plants completely succumbed
to the disease within twelve days. The rest of the controls remained healthy.

Field experirmnts in 1933,—^These were done on the same hues as in the pre-

vious year except that more inoculum was added to the soil. The plots were

sown with four week old seedlings on 12th July 1933 and the growth of the crop

in all the three plots was good. The crop sufiered from leaf spots due to Helmin-

thosporium oryzae and to a slight extent, Frinculana oryzae Br. and Cav. The
plots were harvested in November. There was no excessive tillering, sterility

or any stem rot. The infected plots yielded 2 lbs. 6 ozs. and 2 lbs. 13 ozs. each

and the check plot yielded 2 lbs. 9 ozs. seed. The yield on the whole was not good.

The leaf sheaths of the growing plants from the infected plots were examined
from time to time to see if the fungus was present, in October some leaf sheaths

from the infested plots showed the presence of the fungus within the tissues and the

appressoria mentioned by Tullis and Cralley [1933] were noticed together with

a few sclerotia. After the straw was harvested, a large number of sclerotia were

noticed in the sheaths. No such fungous infestation was observed in the culms

or leaf sheaths of plants in the check plot and, when the straw was again examined

a month after harvest, there were no sclerotia.

Experiments in 1934,—^The infection experiments were rejjeated on the same

lines as in previous year with this exception that the seed sown in pots was of Type

31 , a type obtained from the Botanical Section at this Institute. Instead of seed,

seedlings were sown in the pots, soil in which was not, however, sterilised. The
isolates used for infestation of the soil in the pots were No. 1, 3 and 7. Seed-

lings of >Shoemed rice, which is a very susceptible type in Arkansas and Louisiana

to the stem-rot disease and which had been kindly sent by Dr. E. C. Tullis, were

transplanted in the plots on July 3, 1934.

Fot experiments in 1934.—The results of the pot test are given in Table VIII.
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Table VIII

hifection experiments in pots with Sclerotiiim oryzae

Date of sowing

Ko.
of

pots

No,
of C'ulture

used
Nuinber diseased.

6th July 1934 \ . . 16 64 No.l. Na

6th July 1934 . . . 14 56 No. 3 Nil

6th July 1934 . . . 10 40 No. 7 Nil

6th July 1934 . 12 4S control NU

It will be noted that as in previous years, no disease was recorded in the pots.

Field experiments in 1934.—On the 18th of Aiignst, additional quantities of

sclerotia and mycelium growing in giant cultures were added to the soil in the

two plots. In Septemiber and October, plants were up-rooted and examined

for sclerotia but none were found to be infested. Several plants in the infeeted

and the check plot died in October due to termite attack. The straw was again

and again examined with negative result. In late October sclerotia w^ere noticed

in the leaf sheaths of the plants from the infected plot. The presence of the

sclerotia did not mean any disease, however, for none of the symptoms was seen

at any time.

VI. Association of S. ob^zak with the rice crop in other parts of India

The negative results of pot and field experiments led to tlie diseased plants

being looked for in the fields at Pusa and elsewhere. The Economic Botanist

in charge of rice investigations at Dacca (Bengal) wrote that the rice disease at

that place had been definitely traced to borers whicli attacked and killed the

plants. In the straw of such plants the sclerotia of the fungus invariably appeared.

Ho was of the opinion that S. oryzae may not be the initial cause of the disease

and that if it did play any role at all, it was of a secondiiry character.

The Government Mycologist at Coimbatore (Marlras Presidency) stated

that 8, oryzae had been isolated on several occasions from rice straw but that it

may be, if at all
,
a weak parasite and caused no serious damage to the crop in that

presidency.

The Associate Professor of Botany, Lyallpur, wrote that in the Punjab the

disease was doing a good deal of damage. The Director of Agriculture, Kashmir,

reported in 1933 that the rice crop in the State showed unusual sterility and that

he considered that it may be due to some fungous disease. The Rice Specialist,
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Bihar and Orissa, wlio lias extensively toured in the rice tracts of the Province

and who has the croji under close observation at Sabour,. stated that no sderotial

disease as descdbed by Butler or Shaw was noticed by him anywhere in the

Province, nor had he seen any stem-rot*

A watch for this disease has been kept in the rice fields at Pusa and the

neighbourhood* The disease has not been observed during the last three seasons

though the h arvested i iee straw has shown the presence of the fungus in some cases.

In 1932 Dr. M, Mitra visited the Rice Breeding Station at Karjat, near Bom-
bay. The Crop Botanist who has this crop under close observation had not

observed any stem-rot disease that could be traced to fungi nor had he noticed any

unusual sterility or tillering in his plots. But rice stubble left in his plots showed

infestation by the fungus as also the rice straw from the same fields. It was

manifest that the fungus was there in the soil and may have even attacked living

plants but it evidently did not produce any disease.

In 1933 the writer visited Anakapalle, Samalkota, Maruteru, Coimbatore and

Pattambi, all agricultural experiment stations in the Madras Presidency. The

Superintendents in cliarge of these stations stated that there was no sderotial

disease of rice at these places and that the crox^ every year was normal. At

Anakapalle the straw and stubble from x)lots that had just been harvested showed

the presence of the fungus. The x>anicles were heavy with grain but the leaf

sheaths were full of sclerotia. Evidently the crop had not suffered from sterility

even though the fungus was present.

At Maruteru the waiter was shown several plants which showed excessive

tillering. Seven such were uprooted and dried. Three plants showed

infestation by the fungus when examined at Pusa and four did not. At Maruteru

itself several such plants failed to show any infestation by sderotial fungi.

Such plants were also a feature at Pattambi. Four plants were brought to

Pusa and examined but there was no trace of any sderotial fungi. It further

appeared that this fungus was absent at this farm, for, several samples of straw

from this station, that were brought over for examination, bailed to show any

sderotial infection.

At the Coimbatore Rice Experiment Station, sderotial infestation of standing

plants as well as harvested plants was noticed. There was not any sterility or

excessive and abnormal tillering. The investigators at this place had not observed

stem-rot symptoms either. The only disease that was causing concern was

the foot-rot due to Fusarium moniliforme Shdd, and this had been controlled to

a large extent by seed treatment.

On the Karnal Farm in the Punjab the writer examined several healthy plants

with heavily filled panicles. Some of these showed sderotia in the leaf sheaths

but the plants could under no circumstances be considered as being diseased. No
where were any plants showing the stem-rot symptoms as described by Reyes or

Tullis and Cralley ever noted,
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Mo opportmiit^y to visit Western and Mortheni Piinjab aaid Kaslniiir during

tlie lice season presented itself but even tboiigb tlie specimens of .ri(*o plants sent

by the Director of AgricnlturepKaslimir, showed sterility, only two plants, outK)f

seven plants received, showed infestation by the sclorotia. The otliors were free

from it. The culture of Sderotinm oryzae receiAT-ed from the Punjab gave negative

results in the experimental tests aheady dted in Table VII.

VII. Discussion oe besults

Data have been presented in the foregoing pages which seriously question the

capacity of S. oryzae to produce disease in rice plants under conditions obtaining in

some parts of India. The isolates used in the investigation Avere not only of Indian

origin but several of them were received from pathologists abroad at whose hands

they had proved to be pathogenic to rice plants, producing the well known stem-

rot disease. On plants growing in avater cultures in large size test tubes, all these

cultures were equally parasitic and brought about a seedling disease.

In pot experiments extending over three years and comprising over 100 pots

heavily infested with sclerotia of S, oryzae, this fungus has sliown itself to be incap-

able of bringing about the disease at Pusa. The straw wlien liarvested has shown
the presence of the sclerotia in the tissues of the culms and the leaf sheaths,

leaving no doubt regarding the presoneo of the infective material in the soil.

The field experiments conducted during the past three years have further

confirmed the above observations. In two plots tliat were heavily infested with

the fungus initially and again at intervals, no disease developed at any time.

There was not any abnormal tillering or any marked sterility which was not a

feature of the check plot plants as well. None of the plants showed any stem-

rot and the few deaths that took place in the fungus-infested as well as check plots

were definitely found to be due to termite attack.

The yield of the plots was not less than that of the check plot. In 1933 living

plants at various stages of growth were occasionally examined to see if the fungus

could be seen within the tissues. In late October, wlien the plants were about five

months old it was noticed that in the tissues of leaf sheaths fungal hyphae which
ware sub-hyaline to brown in colour were present intercellularly and peculiar

appressoria-like structures were also present. Just before harvest even sclerotia

were noticed within the tissues. They appreciably increased when the plants

were harvested and the straw was dried. There was however no disease and
the plants bore well filled panicles.

It was apparent that the fungus was able to effect entry within the host plants

but it evidently could not make enough progress so as to kill the plants or produce
other disease symptoms as a result of this infection. It was not<'-d tha.t at the time
the fungal hyphae were observed in the tissues, many of the older bottom leaves

had dried up and possibly the fungus enters through such leaves. Such dead
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Ie,aves were a feature of tlie plauts' in tlie clieck plots a,s-well but the tissues of leaf

sheaths tliere did not show the presence- of '"the fiuigus nor wore t!ier(‘ any,

scleroti a seen ill the straw of this plot after harvest.

Meld observations made at various places furiiislied furtlier confirmatory

evidenee to show that while the fungus was able to infest the plants at a rather late

stage of their growth ,
it was not able to bring about the disease. At many agri-

cultural stations where the rice crop was under study the investigators 'were unable

to detect abnormal tillering, sterility or stem-rot but in their plots left over stubble

invariably showod the presence of the sclerotia wdiich were also found in the har-

vested straw. These sclerotia were either of S, oryzae or Jh microsclcroiia

.

Standing plants in the fields bore well filled panicles but at the base of the leaf

sheaths sclerotia 'were invariably noticed. Sterile panicles also show-ed such infec-

tion. Presence of sclerotia was not invariably an indication of sterility. Rice

straw from Pattambi was free from selerotial infection a,nd possibly this fungus

does not occur there but, all the same, plants with ahnm'mal t illers and with sterile

panicles were present in the fields there.

Jones [1930] has shown that some types of rice plants sliow two to ten per cent

sterility. This sterility increases when such typos arc liy])ridised, for in the

hybrids between, these the percentage of sterility in the Fg

much as 48. Jones has ascribed this sterility to incompatibility lathe chromo-

some mechanism. It is possible that to some extent the sterility seen in the rice

plants may have been due to such a cause.

Taking all the above facts into coiisideratioB, it is pcrnuHsi])lc to ask whether

8, oryzae is at all pathogenic to rice and if it isy how it can occviir in associaticu with

its host without causing the disease which it is known to bring aliout eisewdiore.

That it is a parasite of a rather viriileiit nature in Italy, Indo-Oliiiia, the Philip-

pine Islands and the U. S. A., is clear from the reports of pathologists in tliose

countries. It is also manifest from the investigations of Park and Bertus [1932]

that the fungus causes a seedling disease in the crop and possibly abnormal tillering

in mature plants in Ceylon. But in India different conditions of environment

prevail and even the nature of the soil is different. Though the fungus evidently

attacks the plants because its presence in living plants in the basal tissues has

been noted, it does not cause any appreciable effect on the growth of the host or

injure it by bringing about stem-rot. That such a phenomenon is possible is

apparent from several instances that can be cited. Endothia parasitica (Murr.)

Anderson et Anderson is not a parasite of any consequence to chestnuts in Japan

where the fungus is endemic. But this fungus has wiped out the chestnut trees on

the x4tlantic Seaboard of the United States of America. Siniilarly in the case of

the Fnsarmm wilt disease of cotton, acclimatised American cottons are immune

to wilt due to Fusarkmi vasinfectum AtkiiivSon, in wilt sick soils in India. Indeed

an investigation by the writer has shown that even American cotton varieties that
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are liiglily siiseeptiHe to this disease under American conditions are immune

onder Indian conditions. The nature of the soil and the environment play there-

fore an iinportaiit role in producing disease in plants by soil-inhabiting fungi.

Park and Bertus [1932] state that in Burma, 8. oryzae is very common in paddy

fields but does not. cause any serious disease in the rice crop. Even with their

successful pot experiments they state that under normal conditions of growth,

parasitism of this fungus is not very marked, but the conditions favouring the dis-

ease do not seem to be very clear to them.

There is nothing to show, however, that when the host is introduced in a new

country, the same parasite may not become a highly destructive factor against the

successful cultivation of the crop. But in the country where the crop has grown

for thousands of years, the parasite and host evidently lie side by side without the

former causing disease in the latter.

Because of these considerations and the experimental evidence that has been

adduced, the conclusion is irresistible that Sclerolium oryzae, while attacking Jiving

plants, docs not produce any disease symptonns under normal conditions in the

rice crop in India,

VIII. Sttmmaky

1. Important differences in the symptoms of rice diseases due to Sderotium

oryzae as described by different investigators are pointed out.

2. Cultures of spp. of Sderotium assembled from various sources could be

grouped into four categories, and this paper deals with the morphology and parasi-

tism of two of them.

3. One Sderotium possessed coloured hyphae, small smooth sclerotia and had

the ability to change the colour of some substrates and was identified as 8, oryzae.

The cultures produced conidia of Helminthosporium sigrr^mdeum but not the asci-

gerous stage. By analogy, however, it is considered that this fungus is Leptos-

pJiaeria salvinii.

4. The other (? S. oryzae non-chromogenic strain of Park and Bertus)"^ had

hyaline mycelium, larger sclerotia with a rough surface, was unable to change the

colour of substrates and was identified as Rliizoctonia microsderotia.

5. 8. oryzae failed to bring about any disease in pots or fields heavily infested

with sclerotia. Sclerotia were however noted in the leaf sheaths and culms after

the crop was harvested. In tests conducted in heavily infested soils negative

results have been invariably obtained. In tesfc-tube experiments, however, the

fungus was able to produce the disea.se.

0. Pot tests with B. microsolerotia also gave negative results.—
^ See Apxjendi:^,
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S, oryzae occurs in rice .fields
' and the sclerotia can be seen iiifesting .the

sheaths and culms of healthy plants. Some plants mth excessive tillers had
sclerotial infestation while a large number did not have siicli infection.

8. Sterility could not be correlated with the presence of this fungus for both
sterile and healthy plants showed infection and at the same time a large mirnber of

sterile plants did not show any infeetion.

9. The conclusion is therefore drawn that under normal Indian conditions

these fungi are unable to produce disease in the rice crop*

IX. Appendix

Since the manuscript of this paper was finally prepared. Park and Bertus

have published further results of their investigations on the sclerotial diseases

of rice in Ceylon (/I. Roy. BoU Gmd* Reradimyai 12 : 1-30, 1934). In part 3 of

this communication they deal with a disease due to a stnrin of Rhkoctouia sdlani

Kiihn which they designate ' A strain for it displayed certain constant differences

from R. solawi This fungus has no bearing on any of the sclerotial fungi included

in this paper. In part 4 they deal with Schrotkim oryzae, A strain and in part 5

with another Rhizoctonia which they call R. solani^B strain. A perusal of their

paper and an examination of the plates revealed the fact that of the Sderotium

spp. sent by Park, the one considered in this paper as S, oryzae, A strain, non-

chromogenic, was really their R. solani, B strain.

Their observations with regard to the growth in culture of .this fungus and the

sclerotial measurements are in accord, in major respects, with those obtained here.

The only characteristic which this last named fungus has in eomnion with R. solani

is the mode of branching and the constriction at the junction of the branch with

the parental hyphae. Typical R. solani discolours the medium when grown on

potato-dextrose agar, giving the substrate a brownish tinge. Isolates No. 8, 9, 10

and 11 do not do so and the medium on the contrary retains its original tint.

The sclerotia of R, are furthermore diffuse and crust like, while those of this

fungus are compact, definite in form and oval to globose In shape. The cells of

the medulla are also globose in the case of this rice Rhizockmia and do not show

the branched hyphal character of the medullary cells of R. solani. Park and

Bertus do not seem disposed to consider this as a species different from R. solayii

as it differs only in a few respects and they prefer to call it B strain of it. But

on the suggestion of Mr. Ashby this fungus has been identified hero as Rhizoctonia

microsclerotia Matz which identification has been confirmed by Matz himself. It

is manifest therefore that 5oZam, B strain of Park and Bertus is R.

microsclerotia MnAz.

As regards the pathogenicity of this fungus, Park and Bertus failed to induce

it to parasitise rice seedlings growing in test tubes. In their pot experiments they

state that only four out of a total of twenty-two plants died. It should be noted

that the plants were not completely killed as now tillers were put forth by the plants,

that only the central shoot had succumbed and that the tests were carried out in

unsterihsed soil, so that the parasitism of the fungus cannot be considered as settled.
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arc liiclily susceptible to this disease under American conditions are immune

under Indian coiirliiionB. Tlie nature of tbe soil and the environment play there-

fore an important role in prodiieing disease' in plants by soildnliabitiiig fungi.

'

,

Park and Bertiis [1.032] state that in Burma, S. oryzae is very conimon in paddy

fields but does not canse any serious disease in the rice crop. Even w.itli their

siiecessfiil pot experiments they state that under normal condii-ions of growth;

parasitism of tills fongns is not very marked, but the conditions favouring the dis-

ease do not seem to be very clear to them.
^

There is nothing to show, however, that when the ho>st is introducedin a new.

country, the same parasite may not become a highty destnictive factor against .the

successful cultivation of the crop. But in the country where the crop has grown

for thousands of years, the parasite and host evidently lie side by side without the

former causing disease in the latter.

Bm-arise oi' these considerations and the experimental evidence that has been

adduced, the conclusion is irresistible that Selemtimn oryzae, while attacking living

plants, does not ]>roduce any disease s^unptoms under normal conditions in the

rice crop in India.

VIII. StJMMAKY

1. Important differences in the symptoms of rice diseases due to Bderotium

oryzae as descrilied by different investigators are pointed out.

2. (Ini tores of spp. of Bderotium assembled from various sources could be

grouped into four categories, and this paper deals with the morphology and parasi-

tism of two of them.

3. One Bderotium possessed coloured hyphae, small smooth sclerotia and had

the ability to change the colour of some substrates and was identified as 8. ori^me.

The cultures produced conidia of Helminthosporium sigmoidemn but not the asci-

geroiis stage. By analogy, however, it is considered that this fungus is Leptos-

pMeria salvinii.

4. The other (? S- oryme non-chromogemo strain of Park and Bertus)^ had

hyaline mycelium, larger sclerotia with a rough siirfiice, was unable to change the

colour of substrates and was identified as EMmdmiia rmcrasderotia,

5. B, oryzae foiled to bring about any disease in pots or fields heavily infested

with sclerotia. Sclerotia were however noted in the leaf sheaths and culms after

the crop VfW harvested. In tests conducted in heavily infested soils negative

rcHiilte have l>een invariably obtained. In test-tube experiments, however, the

fimgES was able to produce the disease.

0, Pot f«ssts with Ms micm$ekrotia also gave negative results.
I,...

I,

* ieo Ap|.iendi^t
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7. 8. ortjzae occurs in rice fields and the sclerotia can be seen infesting the .

sbeatlis and culms of healthy plants. Some plants with excessive tillers had

sclerotial infestation while a large number did not have such infection.

8. Sterility could not be correlated with the presence of this ftiiigtis for both

sterile and healthy plants sliownd infection and at the same time a large iiiuiiber of

sterile
3
:)lants did not show any infection.

9. The conclusion is therefore drawn that under normal Indian conditions

these fungi are unable to produce disease in the rice crop.

IX. Appendix ,

»Since the manuscript of this paper was finally prepared. Park and Bertiis

have published further results of their investiga-tions on the sclerotial diseases

of rice in Ceylon (A. Bc/i/- Bot^ Oard- Feradwmya, 12 : 1-36, 1934). In part 3 of

this communication they deal with a disease due to a strain of Ehkioctonia solani

Kiilm which they designate ‘ A strain for it displayed certain constant differences

from E, solani. This fungus has no bearing on any of the sclerotial fungi included

in this paper. In part 4 they deal with Sclerotimn oryzae, A strain and in part 5

with another Ehizoctonia which they call B. solani, B strain. A perusal of their

paper and an examination of the plates revealed the fact that of the Sclerotium

spp, sent by Park, the one considered in this paper as S. oryzae, A strain, non-

chromogenic, was really their B. solani, B strain.

Their observations with regard to the growth in culture of this fungus and the

sclerotial measurements are in accord, in major respects, with those obtained here.

The only characteristic which this last named fungus has in common with B. solani

is the mode of branching and the constriction at the jimetion of the branch with

the parental hy phae. Typical B. solani discolours the medium when grown on

potato“dextrose agar, giving the substrate a brownish tinge. Isolates No. 8, 9, 10

and 11 do not do so and the medium on the contrary retains its original tint.

The sclerotia of B. so are furthermore diffuse and crust like, while those of this

fungus are compact, definite in form and oval to globose in shape. The ceils of

the medulla are also globose in the cavse of this rice Ehizoctonia and do not show

the branched h3^phal character of the medullary ceils of B. solani. Park and

Bertus do not seem disposed to consider this as a species different from B. solani

as it differs only in a few respects and they prefer to call it B straifi of it. But

on the suggestion of Mr. Ashby this fungus has been identified here as Bhizoctonia

microsclerotia Matz wkich identification has been confirmed by Matz himself. It

is manifest therefore tlmt Bhizocotonia solani, B strain of Park and Bertus is B.

microsclerotia

As regards the pathogenicity of this fungus, Park and Bertus failed to induce

it to parasitise rice seedlings growing in test tubes. In their pot experiments they

state that only four out of a total of twenty-two plants died. It should be noted

that the plants were not completely killed as new tillers were i)ut forth by the plants,

that only the central shoot had succumbed and that the tests were carried out in

unsterilised soil, so that the parasitism ofthe fungus caimot be considered as settled.
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They jKliini that the fiiBgim is weakly parasitic and tlia-t it is not clear to them

whether under field conditions it was responsible for the two oiitbreaks that had

been r{‘]HirttHh infection being absent in siibse€|iient crops raised in the same fields.

Tiie description and the- sclerotial Bieasureinents of the fungus, wdiicli they

iiaYe described as /S'.-

A

strain, tally with those of an isolate which wais

received by the waiter from Nakata under the imme ' Sekrotia microsphaeroides

Nakata. Park and Bertas' S, oryme, A strain does not have any of the charac-

teristics common to all the different strains of Sekrotkm. oryzae. It has sclerotla

which are not easily 'separable, with rather rough snrfree and with a nincli

smaller size, and in these, respects it agrees perfectly with Nakata’s Sclerotiuni.

Furtlicriuore asoS'. oryzae has now” been shown to be a stage of Jl. sigmoklewn and

L. salvhiil, a sclerotiinn differing from this to the extent 8. oryzae, A strain does,

eainujl be considered as a strain of that liingiis. Perhaps the name given by

Nakata, 8ckmtmm mierospimeroides wnuld be more appropriate.
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Roslia grass on steam distillation jdelds an essential oil known as Palmarosa

oil or Riisa oil wliieh is used as a scent for soa,ps and also in the mannfoetiire of

various perfumes. About 230 acres of land near Jaranwala (Punjab) are under

this crop. Tlie grass was planted about eight years ago
;
and the crop at about six

inches above ground level is cut annually for distillation in the winter (October

to December). The part remaining above ground is burnt and a fresh crop sprouts

in the month of March,

In past years it was observed that if the crop was not distilled before the

onset of frost, the oil content was seriously affected and it seemed likely that cut-

ting the grass and stacking it before the appearance of frost might arrest the

decline in the oil content. Tlie investigation here described was therefore started

with the object of determining the amount of oil in different parts of the plant,

leaves, flowers, and stalks
; the effect of frost on the seasonal variation of the oil

content in different parts, and the effect on the oil content of harvesting and stack

»

ing the crop l)efore frost.

The investigation lasted from Augtist 1932 to March 1933.

Material and methods of analysis

I. Mathetal akd sampling

Half an acre of grass planted four years previously was reserved and a compo«
site sample obtained from twenty to thirty different places- -carefully packed in a

bag to avoid damage to leaves and flower-heads and also to minimise the loss of

moisture—^was brought to the laboratory for analysis. About eighteen hours

elapsed between the sampling at the farm and the time of analysis. Leaves,

stalks and flower-heads were carefully separated, cut into small pieces, and kept

geparately a;fter thorough mixing. Another portion consisting of the entire plant

was similarly treated.. ,

(
415 )
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11. Methods of analysis

() Dry weight

Tiidividual samples as obtained above were dried to constant weight at

100°C. for 24 hours.

() Essential oil

Bamples of leaves, stalks, flowers and the entire plant from 100 to 800 grams

in wci'dit were distilled in steam for two hours, and the distillate received directly

into a larcre separating funnel. The distillation was complete after about one hour

and a half, when no more oil came over. The water which settled at, and was

wnstanily removed from, the bottom of the separating funnel during the distilla-

iion wa turbid, and on shaking with ether gave only a negligible amount qi oil,

while the oily layer from the separating funnel was transferred to a small tared

separatin-' funm'l. In order to remove traces of moisture a small test tube (made

of tliin tin foil) containing anhydrous sodium siili.hate was kept suspended <a-er-

nifdit in the funnel. This treatment dried the oil to a constant weight. The dried

oil" was then weighed. The iiereentage of oil given in the following tables has

been ealenlated on the dry weight of the material analysed.

(c) Chemical ami physical emm ivat ion of the oil

The analysis consisted of the following determinations

1. Specific gravity.

2. Refractive index.

3. Optical rotation.

4. SoluhiUty.

5. Aeid value.

6. Ester value.

7. Ester value after acetylation.

8. Free alcohol (as geraniol)

9. Total alcohol (as geraniol)

All the determinations were carried out after the manner of Gildemeister

and Hoffmann [ 1913 ], which may he described briefly as below

1. Specific grawJy.—Specific gravity was determined at room temperature

with a pyknometer and the figures obtained reduced to 15°C. by applying a correc-

tioa coefficient of 0- 00076 .per each degree of difference added or subtracted as the

tempfsrature was above or below 16° C. [
Viilaveechia, 1918 ].

2 Beffuctine index was determined by Abbe’s refractometer at room tempera-

ture and corrected to 16°0. by 0-00036 factor for each degree of temperature

[Gildemeist^ and Hoffman, 19133-
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. J. Optical Tokdion was determined by polarimeter in a one decimeter tube at

room, temperature.

4. SokiMliPy ,-—Five to ten c.c. of tlie oil were -placed in 100-c.c, stoppered

graduated cylinders and alcohol (70 per cent by volume) was added in small por-

tions, with vigorous shaking, till all the oil was dissolved. •

d. Acid value, 6‘. Ester value,—^To about two grams of accurately weighed

oil in a 500-c.c. flask, about twice its volume of neutral alcohol was added. The

mixture was carefuiiy titrated with semi-normal potassium hydroxide solution

using pheiiolphthalein as indicator. After the neutralisation of the free acid,

10 c.c. of half-normal solution of alcoholic caustic potash were added and the mix-

ture heated on a water bath under a reflux condenser for one hour, and on cooling

the excess of alkali titrated with semi-normal sulphuric acid. The acid and ester

values w'ere calculated from the first and the last titrations respectively.

7. EsieTvakma,fter acdylation,—^Ten c.c. of oil mixed with an equal volume of

acetic anhydiide and about two grams of dry sodium acetate were boiled under a

reflux condenser for one hour, cooled, a small quantity of water added to the flask,

and the mixture again heated for 15 minutes on the waiter bath to decompose the

excess of acetic anh3Tlride. The oil was separated in a separating funnel, washed

with water until neutral and dried with anhydrous sodium sulphate. About two

grams of the acetylated oil were saiionified as above and the free acid having been

previously neutralised, the ester value of the acetylized oil was determined.

tV. Free alcohol, 9. Total alcohol {geraniol),—^Tiiese were calculated from the

ester values before and after acetylation of the oil from tables given in The

Voiatile Oils” by Oildemeister and Hoffmami. While calculating these vsiues,

the ester in the original oil has been included.

Experimental results

A. Changes in the dry weight of different parts of the plant bubing
GROWTH AND MATURITY

The dry weights of tiie entire plant and its different parts are given in Table I

and graphically shown in Fig. 1. It will be noticed that the dry weight in all cases

continues to increase upto the end of September when it shows a decline lasting

till about the end of October when, synchronising with the appearance of flowers

it suddenly rises to be followed by a gradual fall till the beginning of December.

When, however, a severe attack of frost is associated with a sudden rise in the dry

weight, wliich is more pronounced in the flower-heads, this rise in all the cases

continues till the end of the season. Attack by frost rendered the entire crop brown,

with consequent loss of moisture resulting in a higher percentage of total solids.

This efiect was more pronounced in the case of the flower-heads, probably owing to

their being exposed directly to frost.

G I
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(B) Seasonal variations in the essential oil content of lbaveSj, stalks^

FLOWER-HEADS AND THE ENTIRE PLANT

1 . Essential oil in leaves

The essential oil data are given in Table I and graphically represented in

Fig. 2. It is seen that the oil-content of leaves ranges between 1 -22 and 1*30

per cent of the dry weight in the month of September, and gradually rises to a

maximniii of 1*39 yev cent by the middle of October, when flowers appear, after

which it shows a slow gradual decline till the end of November. After frost the

oil content shows a further decrease, the net loss being 13*0 per cent of the maxi-

mum oil content. With a further advance in the season (by the beginning of

March) the oil content gradually fails to a minimiim of 0*77 per cent about the

beginning of March, thus showing a decrease of about 45 per cent from the maxi-

mum.

2. Essential oil in flower-heads

Flowers appear in the second week of October and by the bginning of 3rd

week 50 per cent of the plants were in flowers. Tlie oil content of the flowers

reaches a maximum of 1 • 37 per cent (on dry weight) by the end of October and then

declines. The oil content shows a sudden decline after frost, a figure of 0*59 per

cent by the second week of January when it falls still further, showing at this time

a total decrease of59 per cent from the maximum.

J. Oil-content in stalks

From Table I it is seen that the oil content in stalks is negligible, being only

0 * 03 per cent (on dry weiglit) during the month of September. Determinations

of the oil content of stalks were discontinued from October onwards, as it was

noticed that, with the advance of the season the stalks were thickening and becom-

ing tough.
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Table

Bry lomghl and essential oil contenis of MosJia grass

Date

Dry
(

weight per 100 gnus, o

Bfaterial dried at lOOT.
' fresh weig
er 24 hours

ht

)

Gims. of essential oil per IQO grms.
fresh weight; of the material

analysed
,

. Limvi's. Stalks
Tfeads
(Flower)

Entire
plant

Staefaid
grass Leaves Stalks

Flower-
heads

24tli Aiigiist 1932 .
68-4 44*0 ... 48*8 ...

,

0*722 0 'Oil ...

2l)tii Atigiist* 1982 ' . 05-4 48*0
i

... 0*796 0*016
,
...

ryfc'h September 1932. 67*4
'

50-0 i 0*873 0*013 ...

t2tli >^eplfrn])ur 1932 63*6
.

52*0 54*2 0*821 0 *018 ...
,

I9th Septeiriher 1032 60*2 50*6 ... 58*4
,

... 0*818 0*013 ...

2Sth Beptemfuir 1032 69*0 55*2 ... 58/2 0*829 0*014 ...

3rd Cletober 1032 . 61*2 49*2 57*4 0*807 . 0*014 ...

irUi Oetober 1032 . 64*2 47*4 57*6 51*2 0*893 0*768

21Ui October 1032 . 61*8 48*2 57*0 50*2 0*853 0*780

31i<t Of ‘toiler 1932 . ,

•73*2 '5;r4 64 '0 55 *4 0*981 0*876

7Mi iS'ovetiilHT 1932 74 *0
, 53 *6 69*2 58*4

,

... 0 *915 ... 0*864

l-lth A'uveiaba* 1932 72*0 54 *4 75*5 54*6 0*964 0*926

21 st ^November 1932 '72*4
:

51*2 73*0 54*2
i

!
,

— 0*048 0*874

2Sth I'fuveniber 1032
|

. 74 *2 52*0
.

72*6 55*2 70*2 0*016 ... 0*868

6th iJceeiubi'r 1032
j

69*8
.

55*4 i
67*4 55*2 ,,80*6 0*864 0*788"'

i3tii DceoHjber 1932 81 *6
.

I

! 55*8
1

72*5 58*0
i

88*6
,

0*985 ... <
0*773

20th Lcccujber 1032 ^ 84*6 .i 51*2 78*2 63*3 1 87*4 1*087;,^ 0-879

3rd January 1033 . 84 *0
'

57*4 86*8 69*2
. 84 *6 1*087 0*956

loth January 1033 .
. 80*2

i

56*0 90*8' 63*6 .80*6 0*917 0*528

17th January 1033 ,

'

85 *6 i 80*2 67*4 80*2 0 *809 0*510

23th January 1933 . 88*7 ... 60*3 90*5
'

.0*874 ...

3l8t Jiinaary 1033 . 80*8 •••
'

70*2 91*4 0*815 ...

8th February 1933 00*8
1 69*2 90*6 10*762 ...

13th febrtmry 1933
,

91*2
i

-'•••' 60*8 90*2
.

0*716 ...
'

2iiti March 1933
.

j

03-6 . 1
. 69 *4 ,',02*2 0*718
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(Cymbopogon Martini var. Motia) Season WS2-83

Esseni

Entire
plant

Stacked
grass. Leaves

;

0*155, j 1 *236

' 1*218,

1*295

0*148 ...
I

1*291

0*161 i 1 *183

0*!64 ... 1*302

0*164 1*319

0‘19S 1*391

0*199 1*380

,

0*222 i 1*340

0*210 1*332

0*202 1*338

0*191
I,'

1*311

0*192 ,'

,

0*237 1 *289

0*187 4,) '248 I 1*238.
j

' ' '

0*162 0 * 223 1*207

0*189 0*220
;

1*226

0*179 0*215 ,1*294

()*18() 0’225 1 *028

0*183 0*219
1

1 *050

0*180 0 *230
j

0*985

0*171 0 *242
1 0*907

0*165 0*230 0*839

0*157 0*248 0*785

0*127 0*224 0*767

dry weiglit. of t.lio material analysed

Flower- Fntire
heads plant

Staeked
grass

(V27r>

0*270

0*282

0*280

0*280

0*305

0*400

0*307

0*870

0*305

0*348

0*339

0*279

0*299

0*302

0*292

0*272

0*200

0*244

0*238

0*225

0*183

With the advance of season
the leaves above the root
were drying and hecoTOiug
brown.

About 50 per cent of the plants
in t-lie plot were flowering.

,

Maturity period-

The crop was cut on 21sfc Ho-
vember and dried in tield and
stacked on 2{)th Nov. 1932.

Severe attack of frost.

Intermittent attacks of mild,

I
and severe frost.

Interinittent attacks of frost-
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4. OiPcontent ofthe mtire plant'

SeaBoiial cliaages in the oil content of the entire plant are similar to those of

the leaves and flowers. During the time preceding the maturity period (third

Week of October to end of November) the oil content in the plant ranges from

0*15 to 0*22 percent on the fresh weight and 0*27 to 0*40 on the dry matter. The

period of maximum oil content in the entire plant synchronises with that in the

leaves and flowers. With frost during the first week of December a sudden fall --

though not as great as in the leaves—in the oil content is observed. Later on

with intermittent attacks of frost and advance .of season the oil content shows,

a gradual decline. By the end of the second week of January, when frost

ceased, a decTease of 32 per cent from the maximum was observed, whereas by

the liegimiing of March the decrease was about 64 per cent from the maximum.

C. Tun EFFECT ON THE OIL-CONTENT OF STACKIXO THE GBASS BBFOBE FROST

The fully matured crop from half the plot reserved for the investigation was

harvested before the onset of frost on the 2lRt November, and in order to avoid

feiTuentation during stacking, it was previously dried in the sun for four days.

For the esiimation of oil about thirty representative samples from the field

were collected, carefully packed in muslin bags to avoid injury to the flower-

heads and leaves, and placed in the above-mentioned stack of grass on the 26th

of November. The oil content of tliese samples and of the corresponding standing

crop in the field was periodically examined. The data of dry weight and essential

oil content of the stacked grass are given in Ta]>le I and graphically shown in

Figs. 1 and 2. As seen from Fig. 1 the dry weight shows a rapid increase till the

middle of December, after which it decreases till the maximum figure is obtained

by the beginning of March.

It will he seen from Fig. 2 that the loss in oil content in the stacked grass

takes place only in the first two weeks of stacking after which the oil content

remains practically constant over a period of three months when the analyses

were discontinued.
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Table II

Showing th6 coMpdfisofi of tlio essoiiticil oil cojiteut of the stcifiding RosTiu gfuss in

field and the corresponding stacked grass

'

1 Standing crop in the field Stacked grass

Pate
Dry

weight
per cent

I

Per cent
essential
oil on
fresh
weight
II

Per cent
of essential
oil calculated
on initial

jfresh

weight
Hi

Dry
weight
per cent

IV

Per cent
essential
oil on
fresh

weight
V

Per cent
essential

oil calculated
on initial

fresh
weight

Loss of
oil in th©
stacked
grass

(0*191—fig-
ures of the
previous
column)

21st November 1932 54*2 0*191 ««« ... ...

28th November 1932 55-2 0 *192 0*188 79*2 0*237 0*162 *029

eth Pecember 1932 . 55*2 0*187 0 184 80*6 0-248 0 167 024

I3th December 1932 . 58*0 0*162 0*151 88*6 0*223 0*136 •055

20th December 1932. 63*3 0*189 0*162 87*4 0-220 0*136 •055

3rd. January 1933 69*2 0*179 0*164 84*6 0*215 0*138 •053

lOth January 19' 3 . 63*6 0*186 0-158 89*6 0 225 0*136 •055

17th January 1933 . 67*4 0*183 0*147 89 2 0*219 0*133 •068

26th January 1933 . 69*3 0*180 0*141 90*5 0*230 0*13a •op

31st January 1933 . 70*2 0*171 0*132 91*4 0*242 0*143 •048

8th February 1933 , 69*2 0*165 0*129 90*6 0*230 0*138 *053

16ih February 1938 . 69*8 0*157 0*122 90*2 0*248 0*149 •042

2nd March 1933 69*4 0*127 0*099 92*2 0*224 0*i32 •059

Table II gives the oil content of the standing crop in the field, together with

the corresponding figures for the stacked grass. Periodic determinations of the oil

content of fresh and the stacked grass have been calculated on the intial fresh

weight of the green crop as it was noted on 21st October, the date of cutting the

crop for stacking. Thus figures of columns III and VI are the actual amounts

of oil per 100 grams of intial fresh weight of the green and stacked grass respec-

tively. It is clear from the figures of these two columns that the standing crop

in the field, though subjected to intermittent attacks of frost from the second

week of December to the middle of January, contains essential oil in excess of that

in the stacked grass uptil tlie 25th ofJanuary 1933 and thereafter the stacked grass

maintains a higher oil content than the crop standing in the field. In order to see

whether the differences in the essential oil content of the standing and the stacked

grass are significant, Fisher’s
[ 1930 ]

" f ’-test of significance has been applied to

the figures of columns III and VI (upto the 25th of January 1933). The observed

value of ‘ ^ ’ is 6 *65 (while the one per cent value of ‘i ’ for n = 7 is only 3*499)

showing that the differences in the oil content of the standing green grass and the

corresponding stacked grass are clearly significant. It is evident, therefore, that

,
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the standing crop, though affected hy frost yielded more oil than tlie stacked grass

till the end of January, whereas due to the admnce of the season and adverse

climatic conditions, the standing crop dried up with a considerable decrease in the

nil content, which in the month of February was only 84 per cent of the oil

present in the stacked grass at this time.

''•‘‘FtOWEn

-STAwC HfXO OB^S5
'£NTmE PLANT

. 2. Seasonal variation in tie ©i?sential oil content of Boslia gi'ass (Cymhopogon Ma>nini var*

Motia) dry weight basis

The loss in oil-content of the grass during the period of stacking is shown in

Fig. 8 and Table II. The values in column VII have been plotted against time. From

the table it is seen that the stacked grass shows a decrease in the oil content from

0*101 (oil present in the grass on the day on which it was harvested for stacking)

to an average figure of 0 164 uptil the 28th of November, showing a decrease of

14 per cent and a further decrease of about 17 per cent in the oil content till the

6th of December after which it remained almost constant till the beginning of

March. These points are further illustrated by a study of Fig. 3 from which

it is seen that a rapid loss in the oil content of the stacked grass occurred till the

end of the first week of December and thereafter it maintained almost a constant

level with only slight fiuetuations {due probably to experimental error) till the end

of the period of stacking-
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S’ig- 3* Loss of ©sseutial oil in tli© stacked grass

D. Chemical COMPOSITION OF PALMAKOSA OIL

Table III gives analyses of oil obtained from different sources. No appre-

ciable variation in the constants of the above samples is observed except m the

acid value, the ester value and the geraniol content. It will be seen that mth

the exception of sample 2 all the remaining samples gave a high acid value ;

sample 3 giving the highest figure. The high acid and ester values in sample 3

indicate a greater stability of esters and free fatty acids during the process ot

steam distillation as carried out in the laboratory, thus resulting in a shghtly

lower content of free geraniol and a comparatively high content of total geraniol.

It is clear from the free and total geraniol figures (93-6 to 96-06 per cent res-

pectively) that the leaves yielded an oil of the best quality, while the stacked

grassgave the poorest quality oil. The oil obtained both from stalks and flower-

heads (which contains mostly the woody stalk) is almost similar in quality.
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Table III

PhysifMl and chemical constants ofpalmanm oil obtained from different sources

Sarapl© Specific
gravity
at XS'^C.*

1

1

j

Refrac-
tive

index at
15*^0.

;

Optical
rotatioB

Solubili-

ty
Vol. of
alcohol
(70 per

,

cent,
vol.) diS"
solviug
one vol-
ume of

oil

Acid
value

Ester
value

Ester
value
alter
acety-
lation

Free
aicoboi
(gera-
nloi)
per
cent

Total
alcoltol

(geraniol)
in the
original

oil

per cent

1. igSl.Farnulistilled 0 -8884 1*4789 +0*025
1

1*45 1*13 13 -43 272-67 88*50 92*19

2. 1032. Fanil clistilltHi .
i

0*8887 1 *4789 +0*030 1 *52 0*65 12*39
i
274-85 89*86 93*22

3, Ljiborafeory distilli'd 0*8931 1 *4790 1 1 '00 1-57 27*93 283-83 87 - 09 94*78

(1932).
4. From I’lU'iu

diBtiOod, U)32.

0-8891 1*4781
1

+ 0*005
;

1 -41 1*11
!

9-33 280-28 93*52 96*00

5. Oil from Hitwer-iicadH

(1032) Farm iliKtdUd.

0*9001
:

1 *4780 +0*030 1*30
,

1*24 10-43 276-86 91*56 94*43

f}. oil from sfalkB(i 032)
.Farm difttilk-d.

O'8893 1 *4781 +0-005
;

1*39 1 *04 l‘i *28 279*62 91*10 95 -03

7. (.)il from stacked «niss

<1932) Farm dlstiiied,
:

0*8877 1*4791 +0*010 1*50 1'07 15-09
;

272-73 87*82
^

91*98

iV. B.—111 calculatlBg tlie amount of total and free geraiiiol the esters in the original oil have been taheii into

Consideration.
,

.
.

Discussion

It is evident from the data presented in the preceding pages that the leaves

yield the highest and the largest anionnt of oil throughout the season.

The flowers (appearing in the third week of October) show a maximum oil

content during the fourth week of October, a period which is associated with the

maximum of oil content both in the leaves and i!i the entire j)}ant. Thus the grass

is fully mature during the fourth week of October, whereas tlu^ oil content in all

cases {leaves, flower-heads and the plants) showed a slow gradual decrease during

the month of November. The onset of frost, which follow'cd, affected the oil content

to a marked degree. These observations regarding the essential oil content of the

plant during growth and maturity (before the attack of frost) are in accordance

with the work of Keilly and Taylor [1927] and Hogstad [1926] wdio worked on the

“ Oil of Peppermint ’’
;
and The Origin, Nature, and Physiological Roll of the

Essential Oil of American Wormwood/’ respectively. Tiiese workers have also

found that the highest yields of oil are obtained during the period of flowering,

and also that the largest amount of oil is obtained from the leaves and flowering

tops which show a gradual decrease in the oil content as the plant reaches maturity.

The most suitable time for distilling the oil seems to extend from the fourth

week of October to the third week of November, a period which corresponds

with the maximum oil content of the plant.



ESSENTIAL OIL CONTENT OE EOSHA GKASS 42?

In regard to the effect of stacking on the oil content, as has been already

the percentage decrease up to the first week of January is less in the ease of the

standing crop, and remoTal and stacking of the crop before frost does not arres . he

decline in the oil content. It is, therefore, suggested that to obtain a maximum

yield of oil the crop should be harvested and the oil distilled before the frost.

V. StriiOiIABY

Seasonal variations in the oil content oiBosU grass (Cymhopogon IlarHnivat.

motia) and its dififerent parts, viz., leaves, flowers and stalks have been studied from

August 1932 to March 1933.

The leaves yielded the largest amount of oil throughout the season. Flowers

are short-lived and gave the maximum amount of oil (1-37 per cent on dry weight)

during the fourth week of November (a week after their appearance), the stalks

contain only a negligible amount of oil (O' 03 per cent on dry weight).

The whole plant yielded the maximum amount of oil about a week after

flowering. The time extending from the fourth week of October and the third

week of November has been found to be the ‘ maturity ’ period and best suited

for haiwesting the crop and distillation of the oil.

Intermittent attacks of frost render the plant brown and decrease the oil

content of the leaves, flowers and the entire plant to the extent of 13 per cent,

69 per cent and 32 per cent, respectively. The flower-heads are more susceptible

to frost.

Stacking the grass before frost does not arrest the decline in the oil content.

The crop, for distillation purposes, should therefore be harvested before the onset

of frost.

Chemical examination of the oil indicates that the leaves yield the best cpiality

oil. The flower-heads (containing the woody stalk), and the stalks give an oil ol a

slightly inferior quality, whereas the stacked grass yields the poorest quality oil.

The writer wishes to thank Dr. P. E. Lander and Dr. Ramji Narain for their

valuable criticism and advice, during the course of the investigation.

He is also thankful to Rai Sahib JaiChandLuthra for his helpful suggestions

and his kindness for providing necessary facilities for work at the Rosha Grass

Farm.
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Inteobuctoby

Bceauso of its Mgli yields and great nutritive value berseem or Egyptian clover

is l)econiing increasingly popular in the Punjab as a valuable fodder.

It was found, however, that it will not do well at all places and investigations

showed tliat this was due to the lack of nodule formation on the roots. The defect

was remedied by artificial inoculation of such soils with tlio requisite bacteria

[Sarkaria, 1933] and the treatment was instrumental in increasing the yields

about 86 per cent on the average^.

In view of the importance wliicli this fodder crop has assumed in the Punjab^

a study of its root-nodule bacteria and aii investigatiorunto their cross inoculation

relationship with the nodule bacteria already present in our soils is of deserving

importance.

Nobbe and ins co-worliors [1895] came to the conclusion that the bacteria in

the nodules of the various legumes were all strains of the same organism. It was

soon recognised however that difterent leguminous plants require specific organisn s

for inoculation.

Burrill and iianstui [1917] by a scries of cross iiiocuiations demonstrn.ted the

existence of eleven kinds of nodule bacteria and divided these into three distinct

groups. «

Later, Lohnis and Hansen [1921] studied the nodule bacteria from fourteen

different legumes and divided their fifty-seven cultures into two groups which differed

morphologically as well as physiologically.

Fred and Davenport [1918] established differences in the critical pH for the

growth of the nodule bacteria of the common legumes and arranged them into five

groups.
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As a result of cross-inoeulation studies Hansen [1921] divided the nodule bacteria

of ttic various len;uiiias into eleven distiiiet groups. The different members lu any

one 'nc.up are those wliich can be inoenlated by the strain of the nodule organism

speeifie lor that group. According to him all the Trifolium species are included m

one group. The organi.sm infecting the members of this group has been described

|Kirit.rieliic. .
,

On the basis of serological investigation, Klimmer and Kruger [1914] formed

nine groups of legume bacteria. Later Bialosuknia and Klott [1923] noted that the

same kind of plant from different sources may have nodule bacteria with different

ao'glutinating properties. They also report that different nodules on the same

itet may contain serologically different bacteria. This observation was later

confirmed by Wright [1925] in the case of the soybean organism.

As will be clear from the above we have not yet been able to establish any

morphological differences amongst the various groups of the nodule bacteria, except

tlie division into two groups suggested by Lohnis and Hansen [1921]. We do not

know whether we are dealing here with different species or more biological races

[Waksman, 1926].

For specific separation one has to depend on cross-inoculation and serological

tests.

The agglutination testj which has been widely used in other fields of bacteriology

for diagnostic purposes, has clearly shown that the nodule bacteria fiom even one

k^gumo could bo separated info several groups. Hence in the present investigation

only cross-inoculation and cultural methods have been used.

In addition to the cultural study of the four strains of the organism on some of

thcs more important mediaj the effect of certain physical factois has also been investi-

Experimental

Description of the organism

The organism is a gram-negative coccus or a rod, according to the stage in the

cycle of its growtli, varying from 1 to 3 p. in length and being about 1 (x in

breadth. The organism when motile has one polar flagellum.

The organism studied was obtained from known cultures of bacteria isolated

from the root nodules of berseem. These cultures had been tested for purity and

ability to form nodules. All the cultures were further tested for the absence of

Radiobacter on milk and potatoes according to the method of Lohnis and Hansen

[1921].

The strains studied were freshly isolated from plants grown In different fields.

For the (niltural study four strains were used, while tlie other part of the invostigation

wa.s mainly c.ariied on witli strain I.
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CULTUK-AL OHABACTERISTICS .

TIh^ eiiittiral cliaracteristics of the four strains were studied on a varietur of

dilleroiii media. The rate and auioiiot of growth were recorded from time to time.

Besi<k‘s iiitrogen-froe media a number of media containing nitrogen in addition to

the Viirioiis carbohydrates were' also used since, contrary to the vknvs previously

I'teld, it lias now been shown by certain workers [Albrecht, 1920] that nodules are

produced, and a satisfactory growth of the legumes does result, even w%en large

amounts of organic nitrogen or nitrates are present in the soil.

Tlie carl joliyd rate media used were prepared on three bases. Some were pre"

pared on Ashby’s solution as a base, others on soil extract and still others with beef

extract, broth.. This was done with the object of providing no nitrogen (as in Ashby’s)

pi'ovkling sligh t amounts of nitrogen (as in soil extract) and providing a good amount

of nitrogen, (as in beef extract).

The only differences noticed were in the rate and amount of growth as shown in

Table 1.
' ‘
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Table I

SJiowmg cvMwral charcicterisHcs of the four strains. Media inoctilated on 13th

December 1931 and exammed on 2ord December 1931.

Strain I Strain II

Meditini

B€3ef

extract

Soil

extract

Ashby’s Beef
extract

Soil

extract

Ashby’s

Glucose agar 4* 4“ 4* 4. 4. 4- 4- + 4. _|- 4- _}- 4, -4

Glucose
broth

Slight

haziness

Hazy
growth

Slight

haziness

Slight

haziness

Hazy
growth

Slight
haziness

Lactose agar 4- 4- 4, 4- 4- d" 1

. + -f -h 4” 4*

Lactose
broth

Slight

haziness
Hazy
growth

1

Slight

haziness
Slight

haziness

Hazy
growth

Slight
haziness

Saccharose
agar

;

4* 4" 4* 4* 4- 4- + 4” 4* 4“ d" 4- 4- 4.

.Saccharose

broth
Very

’ slight

redden-
ing

Haziness,
colour
lightened

Slight

haziness
Indicator
colour

lightened
1

Haziness,
colour

lightened

Slight
haziness

Dextrin, agar

|

+ + + 4- 4 4. 4- 4. 4" 4-

Dextrin
broth

Slight

haziness

Colour
deepened
pink

Hazy
growth

Slight

deepening
of the
colour

Colour
lightened

Hazy
growth

Litmus milk Serum zon

1

e on the top Serum zone on the top#

litmus deepened blue
Colour of

* Calcmm carbonate had been added to the Bouillon cultures and m the ohango

in indicator could not be studied*

Slight growth

-f 4“ Crood growth

4- 4- 4- Heavy growth

4- -|- Extra heavy growth

, r— Ho growth
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—

{conid^)

[V, III,

Litmus milk Serum zone on the top.

Colour of litmus deepened Hue

Strain III
|

Strain IV

Medium

I

Beef
extract

Soil

extract

Ashby’s Beef
extract

Soil

extract.

AslibyV

Gliieoso agar + + + + + ^ 4- -h 4- 4- + 4*
,

4"
:

Glucose
broth

— Haziness,
good
growth

Slight

haziness

Slight

haziness

Good
growth

Haziness

Lactose agar + + + + 4- + + + + 4- 4*

|jactpse ,

'

broth

Slight

haziness

Hazy
growth

Slight

liaisiness

Slight

haziness
|

Good
grG^?th

Very slight

haziness

Saccharose + 4" 4" 4* 4- + 4- 4- + 4- 4* ' 4- 4“ 4”

agar

,

pacoharose
broth

Slight

haziness

Hazy,
colour
lightened

Slight

haziness

Slight

haziness

Growth,
colour
lightened

Slight

haziness

Dextrin agar 4- 4- + 4- 4- 4- 4* ,+ 4- -h

Dextrin
broth

Slight

haziness

Colour
lightened

Haziness Slight

deepening
of the
colour

Growth

'

Slight
growth

Colour of litmus deepened blue

* Calcium carbonate had been added to the Bouillon cultures and so the change in indicator

eould not be studied,
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Since the growth in broth cultures was not definite in all cases, transfers from

these cultures on to soil-extract-mannite-agar slants were made with the following

results :

Inoculated from

Growth

Strain I II III IV

f Beef extract -i-ve —ve Scanty Scanty

Glucose broth
. ]

Soil extract . +ve ^ve 4ve -f-ve

(. Ashby’s . 4-ve 4-ve 4-ve 4v6

r Beef extract "pve Scanty Scanty Scanty

Lactose broth . < Soil extract +ve 4-ve “ 4v0 4ve
(Ashby’s . .

:

-f ve 4-ve 4-VO 4ve

r Beef extract -pve 4-ve Scanty Scanty

Saccharose broth } Soil extract . 4-ve -}-vo 4 ve 4ve
( Ashby’s -fve 4-V0 4ve 4ve

r Beef extract 4-ve 4- ve Scanty Scanty

Dextrin broth
. j

Soil extract . „{_V0 4ve
1

4ve 4v©
C Ashby’s 4-ve 4 ve 4ve 4v©

4-ve signihes ‘ growth

—ve signifies ‘ no growth h

Scanty growth on iJiie slants indicates the unsuitable nature of the broth medium

in which the organism had existed under unfavourable conditions^

From tlio above the following conclusions can be drawn :

1. That for all the four strains tested the growth in agar cultures was the

best on carbohydrate media with beef extract base.

2. That the growth on saccharose beef extract agar medium has been the

best for all the four strains
;
being followed in order, by lactose, glucose

and dextrin, the last giving the poorest results.

3. Only a slight growth was noticed in all the broth cultures an^d of these

the cultures on soil extract base proved to be the best.

4. A serum zone was visible in litmus milk for all the four strains, an increase

in the blue colour of the litmus indicator showing the alkaline nature

of the by-products formed.

6. There was no growth on potato for any of the strains.

Reac'^ioh a?onEitAncie oe ten obgaxism:

In order to test the reaction sensitiveness of the organism, soil extract tnannite

agar [Joshi, 1920] with pH varying from 3 to 10 was prepared, slanted and inoculated

in duplicate from a week old culture.
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On examination after a week’s incubation, good growth of the organism was

observed in media slants with pH 6-0, 6-4, 5-8, 6-0, 7^2 8-0, 9-0 and 9-8. Growth.

Lwever. was absent in tubes with pH 3-0 and 4-0. This showed that the organism

could tolerate an acidity correspondmg to pH 6-0 but not further.

Thermal DEATH POINT

(i) The thermal death point of the organism was determined by inoculating

man iite solution tubes of an approximately equal bore. Each of the tubes con-

tained 10 c c of the solution. The inoculated tubes were exposed in duplicate to

different temperatures for ten minutes. The temperature range studied was from

46'^C. to 70'^0., with a two-degree step. The results are given be ow .

Strain No.

Lowest temperature at

whicli no growth
occuii’ecl

i *

II -

III

IV

54°Cs

52^0,

52"C.

52"0,

(ii) Since the organism has its natural habitat in the soil it was considered

desirable to determine the temperature at which it would cease growing m soil.

Some sterile soil was mixed with an emulsion of the organism in a sterilized dish,

with sterilized spatulas and in an inoculation cabinet. The soil so prepared was

transferred in five-gram portions to each of the sterile culture tubes of equal bore

Strain Ko.

throtigh 9* sterilo funnol.

The thermal death point in soil was determined by exposing these soil tubes

(in duplicate) to various temperatures. The exposure was for 10 minutes at each

temperature and the temperature ranged between 46°C. to 70°C. with an

of two degrees. The tutes immediately after exposure were immersed m a bath ot

cold water and transfers made to soil extract mannite agar dants from each.

After making the transfers the exposed tubes were further incubated to see if

any chance organism might have been left undetected. The results obtained were

follows :

Lowest temperature (°C.) at

wHch growth was
.'''"''absent''’"'-/
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Transfers made after a fortnight’s incubation from the soil tufces exposed to

temperatures beyond 52®C. did. not show any sign of growth on a selective mediuin.

{Hi) The anthor has noticed elsewhere [Madhoh, 1934 ]
that the berseem orga-

nism from fully grown soil cultures, could survive an exposure for eight hours to

the sun-light at a temperature up to 63°C.

With this idea in view, some sterile soil flasks were inoculated with an emulsion

of the organism, stirred thoroughly with sterile spatulas and then incubated to get

the maximum growth possible. At the end of a week these soil cultures were re -stirred

in order to break up any lumps, and five-gram portions transferred to sterile plugged

tubes of equal bore.

These tubes were exposed to different temperatures (10 minutes’ exposure at

each temperature) in a water bath and transfers made to soil extract mannite agar

slants after each exposure. The examination of the transfers after four days

showed that the organism in thCvse cultures had survived at a temperature as high

mWG.

EaDIAB MO'VBMENtr IN SOIL

Since the nodule organism invades the roots of the host plant only in the

swarmer or the motile stage
^
it was considered of interest to find the rate of

niovement of the berseem organism in soil and thus to get an idea of the spread of

the organism from the point of inoculation.

For this purpose a technique similar to that used by Thornton and Gangulee

[1926] for the lucerne organism was adopted, but, contrary to their observations, it

was found that the berseem organism travelled very slowly in soil.

Observations were made on the soil contained in Petri dishes.

Experimental

(i) Ordinary loam soil with optimum moisture content was packed with hand

in Petri dishes of about 6-in. diameter. The Petri dishes so packed were sterilized for

two and a half hours at a pressure of 20 lbs. On cooling a little hole was made in

the centre of the Petri dish by removing the soil with a sterilized cork borer. The

hole so made was filled with sterile sand.

The inoculum was given by adding a couple of drops of the suspension of a week

old culture on to the sterile sand in the c:ntre, care being taken to add culture sus-

pension just sufficient to moisten the sand up to the periphery.
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After the lapse of one, two or four days a boring was taken (in triplicate) at

different distances from the centre by means of a sterile cork borer and plated on soil

extract maniiite agar, with the results given below ;

Incubation period

(Days)

Distance from the centre

0 in. i in. 1. in.

1

2 * » •

4 . .

+

+

+

— —
'

-{- means growth present,

— means no growth.

This operation was repeated with the same results showing that in a loosely

packed soil (impressed) the organism does not move even half an inch in four days

(ii) The above experiment was repeated with the addition of one per cent

sugar and the following results were obtained :

—

Incubation period

(Days)

Distance from the centre

0 in. Jin. lin.

1 . . . .

9 . . . .

14 ... .

+

+

+

— — — —

.

After the expiry of 0 days a shining growth was noticed around the centre

about iiti. in diameter,. However, on longer keeping it did not spread any further*

It was probably the slime of the organiMi
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{in) The addition of certain other carbohydrates to soil was, also tried and-

thefoIlowingresiiltsrecoKled:—

Jncubatioii period
Soil treated

with one
per cent

Bistance from 'the centre.

i in.
,

1 .in,.;

9 days . .
, , . . ,

9 days . .
'

.
'

, , , , ,

,

20 days, .... . . •

20' days . , , . ...

Mannite .

Sucrose

Mannite .

Sucrose

1
1

+1

I
i

+1

II

+1

{w) To see ifthe air spaces between the particles of the soil hindered the mover
ment of the organism in soil, hard packing ofthe soil was tried against loose packing.

It gave the following results : .

Incubation period Loose packed Hard packed

15 days
1 in. 1 in. i in. 1 in.

, .

go days — + + + + + +

(v) x4.nother variation was made by the addition of 0-1 per cent dipotassiupa

phosphate to the soil, since the eomponnd has been known to increase the motility

of the organism. The results were as follows :

—

Incubidion period
Soil moistened

with 0 '

1 per cent
K2HPO4

Soil without
K3HPO4

10 days . . . .

1 in. 1 in.

j

^ in. 1 in.

14 'days + + +
I

'

From the foregoing experiments it is clear that the organism is capable ofmoving
in the soil only at a very slow rate. It spreads in the soil more through the agency

ofwind and water than by the help of its flagellee.

Cross iNooiTLATioNS

In order to study the cross inoculation relationship of the organism, twenty-

four glass tubes of about 8 in, length and 1| in. bore were filled about three quarters

each with a light loam soil and sterilised for 2| hours at 20 lbs. pressure, These
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were sown witli mmeem mea stemizea lor n.ve mimii'es m lyouu nierciinc ciiioriae

soliitif3!i; and inoculated in triplicate with an emulsion of the nodule organism cul-

tures isolated from gram {Gicer arieUnmn), mama (lieiicago dentimlata) senji

{3IdHotus parmflom), methe {Trigonellapemim graemm), lucerne {lledicago sativa),

shafkil {Trlfolmm resiipmatum) or berseem (Trifolmm alexamlnnum)

.

Three

tubes w^ere left to serve as controls.

The cultures used in the experiment had been grown on soil extract mannite

agar and were inciibated at 30®C. for seven days before use. They had been tested

for purity and their ability to form nodules on the host xdants.

The tubes were kept on a laboratory table in diffused light* and the cotton

plugs were removed only when the plants had developed sufficiently high. The

roots were examined after about two months and it was found that only the organism

of the shaftal nodules could inoculate berseem seed.

The oohimn of soil in each tub© was kept wrapped up in black x)aper duriiij

of tb© ©xpofiment.

Test seed

Strain of the
organism

inoculated wilii

ISTo. of nodules per

i^lant

Bemarks

Berseem Gram organism . No nodules

if ff

ft if

ft a
ft if

Berseem
If

Maina organism .

ff ff

No nodules

ft ff

if

X^erseem

»»

ff ff *

Senji organism

ff ff •

ff if

No nodules

jj ff

if

Berseem
ff

ff

ff ff •

Methe organism .

ff ff

ff ff

tf if

No nodules

if if

if ff

Root system
very extensive

Berseem Lucerne organism No nodules

ff ff • if if

9 9 ff ft * if ff

Berseem

ff

Shaftal organism

.

ff ft ,

• 1

ff ff ’
j

4, 3, 3, 6 : 4

7, 2, 2, 1:3
6, 4, 3, 3 : 4

Berse^
if:

ff

Berseem organism

j

»*
, ft

\ ff ff , :

*

4, 2, 3, 6 : 4
3, 6, 8, 10 : 7

3, 2, 5, 6 : 4

Berseem Control nil Roots very exten-

if ff • '

•

if sive

tf '

. ff -
.

*
.

* ff
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In order to ascertain wliether the berseem, organism could reciprocally inoculate

shaftah the experiment was repeated in pots.

Eighteen pots of 4 in. diameter and about 4 in. height were each three parts

filled with a light loam soil and sterilized for two hours at 20 lbs. pressure
j
on each

oftwo consecutive days. Nine ofthese pots were sown with sterilized berseem seed

and the other nine with sterilized s7i<xftal seed. Of the nine berseem pots three were

inoculated with an emulsion of the berseem organism and three with an emulsion

of the shaftal organism. Similarly three pots of shaftal were inoculated with the

organism and three with the berseem organism.

Three pots for each variety of seed tested were left to serve as controls, and were

kept on the table in a green-house unexposed to wind or rain. Their roots were

examined after two months when the following^observations were made :

—

From the results obtained from these two sets of experiments it is clear that
cross inoculations of berseem and are reciprocal.

Eefeoi? of ttltba violet bays ok bebseem obgakism
Ultra violet rays are known to bo injurious to bacteria but in an experiment

conducted by us in this Laboratory the results [Madhok, 1934] showed that the
injurious effect of the sun's rays on cultures of this organism on agar or in soil is

Pot No, . Test seed

.

Inoculated with Nodiilation

1 Berseem Berseem organism Plenty
2 J5 ... ft 9i 99

3 * • • tf 9) • 99

4 Bhaftal . Berseem organism Plenty
5 >5 99 99 • 9 9

6 99 99 *

7 Berseem . Shaftal organism Plenty
8

j

»» • , * >» 99 *

9 s? ... 99 99 * 99

10 Shaftal . Shaftal organism Plenty
II.

1,2, ft • •
'

.

>9 99 •

99 99

9 9

9 9

1,3 Bersee,ra . Uninoculated . nil
14 !

5> » . . 7 9 • •

15
; jj . . . 99 • • 99

16 Shaftal . Uninoeulatod nil
17 ft • . .

18 J? . # .
9 9 ,

. '

99
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due to the rise in temperature of the medium, rather than to the intensity of the

smn^s rays in ultra violet radiations.

It was therefore considered necessary to test the effect of pure ultra violet

light on agar and soil cultures of this organism. For this purpose a good growth of

the organism was obtained on the surface of soil extract mannite agar in Petri

-dishes. These dishes were exposed in duplicate to a mercury -arc lamp for varying

durations of time.
'

'

The soil cultures were prepared in Erlenme^yer flasks by inoculating sterilized

soil with an emulsion of the organism. These cultures were also incubated for a

week to obtain good growth.

At the time of exposure the soil culture was poured in sterile Petri dishes and

exposed in duplicate to the ultra violet rays of the mercury arc lamp for 5, 10, 20 or

30 minutes.

The exposures were made at Lahore 90 miles away and the exposed plates were

brought to the Laboratory and platings done as soon as possible. The time that

elapsed between exposure and plating was about 9 hours, the temperature during

this interval varying between 40^ and 45^F,

The counts obtained are given below :

—

Table II

Showing ihe^ effect of ultra violet rays on agar and soil cultures
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The above results tend to indicate that the ultra violet rays havenot been able

to bring about the death of all the organisms either on the agar surface or m soil

culturol This is clear, however, that the effect of these rays is very injurious,

varying directly with tlie time the exposure.

The injury is muchiess serious in soil culture.'

Viability of the obganism on the sesb

{%) In order to find out the extent to which the organism could resist desicca-

tion, a quantity of the seed was inoculated and kept stored in a Petri dish in one of

the laboratory cupboards-.

Sowings were done in triplicate from week to week in sterilized soil pots from

this seed. The pots so sown were kept in one of the window spaces away from the

direct action of rain, etc. Three control pots were also sown at each interval with

sterilized seed. The pots were occasionally watered with sterile tap water. The

plants were pulled out after a couple of months and examined for nodule forma-

tion.

The results are tabulated below.

Table III

Showing the effect of age on the mfective power of an inoculated seed

(Seed inoculated on 4th Nov. 1930)

Sowm on Inoculated nodulation Control nodulation

4th Nov. 1930 . + + 11. g. —
loth Nov. 1930 . + n.g.

"

17th Nov. 1930 . + +

24th Nov., 1930 . . , n.g. n.g. n.g.

1st Dee. 1930 .

'

+ + +- •
—

,

Bth Dee. 1930 , + + . ^
16th Dec. 1930 . , + + —

.

23rd Deo. 1930' .

'

'

, ,

4* — —
. —

,

"

30th Dee. 1930 . — —
. ,

n.g. »=No germination.

k‘2
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'

Itis clear from the above that the organism retained its infective power on the

seed for about 7 weeks on!j.

(il) Another experiment was undertaken in the same connection. Different

portions of seed w^ero inoculated at'an interval of a month and stored in sterile

Petri dishes in the laboratory cupboard. Three sterile soil pots were sown from

csach of these portions on the same day and the nodule formation observed after

about a month with the following results

Date of sowing Seed inoculated on Nodulation

28th Nov. 1931 11th July 1931 — —

Do. 7th Aug. 1931 —
Do. 7th Sept. 1931

Do. 8th Oct. 1931 + + +

Do. Control

1

•

This again shows that the organism retains its infective power on the seed for

not more than seven weeks.

Conclusions

In the foregoing experiments some of the cultural characteristics ofthe organism

causing nodules on the roots of berseem (Egyptian clover) have been studied. This

organism has been found to be a pseudomonas having its cross inoculant in the

organism infecting the roots of shaftal (TrifoUum resupinatum )

.

According to Lohnis and Hansen [1921] who have divided the bacteria of the

leguminous plants into two groups, the representatives of which differ both mor-

phologically and physiologically, the organij^m infecting the roots of berseem (Trifo:

Hum alexandrinum) should be pcritrichic but inspite of repeated trials we have

found this organism to possess only a single polar flagellum.

Cultural characteristics ofthe organism have been studied on a number ofdifferent

media. The observations recorded for a change in milk, growth on potato and

growth on beef extract media agree with those recorded by Lohnis and Hansen

[1921] for the organisms of the clover group.

The pH tolorance of the organism has been found as low as 5 - 0 on the acid side

and 10 or probably a little more on the alkaline side. This agrees with the critical

pH limits, recorded by Fred and Davenport [1918].
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Tlio thernial .deatli point of the' various strains of the organism studied, varied

from 62'^C. to 54®C. The reason why it can withvstand the high summer temperatures

of the Bunjab (48®C.) is probably due. to its being protected in the deeper layers of

the soiL ^

As for the claims made by Thornton and Gaiiguleo [1926] that the nodule

organism moves about an inch in 24 hours, the same have not been substantiated

by us, in respect of this organism.

Its movement in moist soil has not exceeded ' half an inch in about a fortnight

and that even in a hard pressed soil. This leads one to the conclusion that the

organism is transferred in soil more through wind and water than through its organs

of locoBiotion,

The effect of ultra violet rays was studied. The ultra violet light did exercise

a destructive effect but this effect varied with the time of exposure. Sun’s rays

which are so rich in those radiations, owing to the non-permeability of the soil particles

to these rays, could Jiave only a partially destructive effect on this organism in

soil.

As for the viability of the organism on a seed, it has been found that it retains

infective power on the seed for not more than seven weeks.

These results do not agree with those of Fellers [1919] who has found out that

the soybean and alfalfa bacteria retain their viability for six to nine months.

But his method of storage of the inoculated seed was different from ours.

Fellers [1919] has further mentioned that the largest decrease in the number
of organisms on a seed-coat occurs within the first few hours. In View of the fact

that there is an exceedingly small percentage of the cells (sometime 1 : 1,000,000)

present on a seed that are capable of forming nodules, our results are not extra-

ordinary. The organism investigated is probably more sensitive to desiccation than

others.
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Summary

L The organism producing nodules on the roots of berseem plants is 1 to 3 g
in length and about a g broad, varying in size at different stages in the life

cycle,.
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' 2. Tlicv organism is mono-tricliic.with a single polar flagellum. .

3. A study of the cultural characteristics of the organism has been made on

some of the more important media. . The pH tolerance of the organism has been

found to 1)6 5 on the acid side and 9*8 or a little more on the allvaline side.

, 4. The iiiovemeiit of the organism in soil is slow., hardly half an inch in a fort-

night,

5. It cross-inoculates with an organism infecting the roots of shaftal {Trifolimn

restipimPim).

6. The thermal death point of the organism is between 52°C. and 54°C. But

it has been found to survive a temperature of 75®C, in fully grown soil cultures.

7. The organism is sensitive to ultra violet rays. The destructive action of the

rays varies with the time of exposure,

8. The organism retains its infective power on the seed, when stored in Petri

disheSj for only about seven weeks.
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ABSTBACTS
The melhoi of choosing iisilial material in breeding (ii33 : 575: 578*

08 : 581. 143 -26 *03). L A* Kostjucenko (Semenovodsivo—Seed Growing

‘1934: No. 5:' IS ---21).

[Full summary prepared by the Imperial Bureau of Plant Genetics, Cambridge : Me.

produced hy Mnd permission of the Director of the Bureau.]

In making use of tlie woild collection of varieties for crossing with the local strains

the entire success depends on the choice of the most suitable parental varieties. In

the past considerable losses of time have been caused by wcnking with unsuitable

parental material.' Nilsson-Elile has shewn. that to assess the value of varieties it is

necessary to grow them under conditions in which they can complete their vegetative

cycle. This can be done in Bussia only by the method of vernalization. Lyssenko

recommends that the best local varieties should be crossed with those world varieties

which in the region in question prove earliest after veraalizaiion.

Experiments are described in which various spring wheats were sown in the

vernalized and imvernEilized state both at Hibiny, with its continuous day, and at

Leningrad with its 18-hour day. The cold treatment made hardly any difference to

the vegetative period but the long dtiy accelerated it by 3-5 days. This was accom-

panied b5
J‘ an increase of 0*f>-6‘0 g. in thousand corn weight which is thus attributed

to the effect of the long day in ticcelerating the second developmenttd stage, the photo-

stage.
.

*
'

.

It is necessary therefore to test the parental varieties of long-day plants under

continuous illumiiiatioB. to obtain a true picture of their relative merits. For southern

regions they will be tested under rediiced length of day.

Different plants of a single variety liEive shewn different reactions to low temperature.

Various varieties of winter wheat were vernalized at a temperature of +2*^0. for 45,

35, 25 and 20 days. Controls were sown at the same time as the experimental plants^

Only 1 2 of the 60 varieties tested shewed clear response to the cold treatment ; some
of these moreover reacted only in the case of treatment for 45 days, others only to

the 45 and 35 days treatments, certain others again only to 45, 35 and 25 days. In
these two latter groups both winter and semi-winter types were detectable amid the

plants which came into ear normally. Similarly again on sowing certain varieties in

spring, especially certain C'hinese and Japanese varieties, it w*as observed that some
plants came into ear normally whilst others behaved as winter or semi-winter forms,

w^hereas after vernalization treatment these same varieties eared and matured normally
and uniformly.

It is clear therefore that many lines which morphologically are pure, with regard to

their developmental stages are definitely heterozygous. This heterozygosity is re-

garded as being partly responsible for the irregular segregations often observed in

characters such as yield, earliness, etc. In any case it shews the necessity, in choosing
parental forms, of basing conclusions only on the progeny of single plants and not on
plants chosen at random from a particular lino or variety.

(445)
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The after harvest ripeniMg of winter wheat in northern regions (033’11

1

581*142) L, Tbet* jakova (Semenovodstvo—Seed Growing 1934 : No, 6, 33—36)>

[Full Summary prepared by the Imperial Bureau of Plant Genetics ? Cambridge ^

Reproduced by hind permission of the Director of the Bureau,^

The germinating capacity of the seeds of a number of varieties of winter wheat

was tested at varying periods after harvest, from 5 to 50 days. Marked varietal

differences were observed, for instance the rye-wheat hybrid and the variety ferrugi-^

neum 2411 of the Moscow station gave 60-70 per cent germination on the 5th day,

rising to 90 per cent on the 35th. Durable and Ukrainka gave a much lower germina-

tion on the 5th day and took much longer to reach full germinating capacity— this

was attained in the former only on the 45th and in the latter on the 50th day. The

variety erythrospemium 917 was intermediate between these two types, as were all the

other varieties tested.

At another station the rye-wheat hybrid s,xid.ferr'utjineum 2411 attained full germi-

nating capacity on the 23rd day whereas Ukrainka was nearly three weeks later.

In many localities the date of sowing is past before the majority of the varieties have

attained their full germinating capacity.

To study the relation between germination and moisture, the grain of a number

of varieties was harvested at different stages of maturity, beginning at the wax -ripe

stage, at which all varieties displayed a high germination percentage, which in the

rye-wheat hybrid was as much as 98 per cent. Three days later, towards the end of the

wax -ripe stage and the beginning of the stage of full maturity, a marked diminution

in moistuie content was observed in all varieties, falling in some to 10 per cent. At
this stage also the rye-wheat hybrid gave the highest germination, though it was lower

than at the earlier stage. The changes in germination capacity when compared with

those of moisture content were found to be independent. In the stage of complete

maturity there is a maiked reduction in germination, with only a very small change

in moisture content. Later there occurs a parallel rise in gemination capacity and

fall in moisture content, but even still when all varieties had reached the same moisture

content the differences in geimination remained quite marked.

Thus some varieties reach a high geminating capacity while retaining a consider-

able proportion of moisture, whilst others may have a high gemination combined

with a normal moisture content at a time when their process of maturation is yet

incomplete.

The seeds were germinated at 18°C. Gemination in river sand invariably gave a

higher gemination than on filter paper. Chilling for three days at a temperature of

10-13°C. induced rapid germination in nnripe seeds which unchilled geminated only

'very slowly.

,

GIPD-S 2—35 lOofAB—15-7*35—800.
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I. Iktrobtjction

Thtm speoieE of Hehninthospofi^'m are .generally responsible for diseases of

barley. In the seedling stage many plants succumb to the foot and root-rot

diseases which these fungi cause and in the mature crop these fungi are responsi-

ble for blotches and spots on leaves, thus lowering photosynthetic activity of the

plants by reducing the leaf area. In the barley growing tracts ofNorthern India,

H* saiivum'P. K. & B., wliich .causes a foot and root-rot disease in the seedling

stage and leaf blotches later, is the more common pathogen. H. teres Sacc, has

also been found to attack some types of barley. H. graminmm Eabh., which

causes the severe stripe disease in barley in Europe and Northern America, is less

common on the whole, though in the United Provinces of Agra and Oudh, it

causes some damage.

if. satimm has, in recent years, been found in an epidemic form causing

severe foot and root-rots at Piisa and also the blotch disease, leading to reduction

in crop yields. The percentage of seedlings killed and the leaf area destroyed in

mature plants have shown a good deal of variation in different types of Pusa

barleys as wxll as in other Indian and foreign types grown at Pusa, The varia-

tion has not only been from type to type but also from season to season in the same

type. The degree of attack has also varied from one locality to another, from

plot to plot and sometimes also in different parts of the same plot. It has also

been noted that some types of Pusa barleys are resistant to a certain extent,

while others have shown high susceptibility, though none of them have been

completely immune. The present investigations were undertaken in order to

determine the varietal resistance of the Pusa types of barley to this species of

Edmmfhmporium and the effect of certain fungicides in controlling the foot-rot

and root-rot phases of the disease, and the data collected during the past four

years are discussed in this paper.

II. Symptoms

These three Helmintliosporimn species cause certain definite and distinct

symptoms in the barley plants.

(i) Spot hMch

E. sativum is the most destructive of the three species of Helminthosporium

and it causes the foot and root-rot, the seedling blight, the leaf-spot, the head

blight and the discoloration of seed (Plate XVIII). It stunts the growth of

the barley plant, retards the development of roots and thus weakens its standing

power. Even seed germination is lowered and finally causes appreciable loss in

yield. The disease thus is manifested in two phases :

—

(a) Primary infection due to the infection from the seed causing foot-rot

and root-rot of 'Seeding.
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(6) Secondary infection due to the conidia borne on the primary spots and

causing fairly well defined, more or less longitudinal spot formation on all aerial

parts on account of which it is called ‘ spot blotch

(a) Primary infecti^ (Foot’-roi and root-rot).—The first symptom of the

disease in the field becomes apparent during the seedling stage of the barley plant.

The seedlings show the appearance of blight very much like damping off. When
severely attacked, the plants are killed at the ground level. A large number
of diseased seedlings fail even to come out of the soil and the roots and the young

shoots of such diseased seedlings show deep brownish discoloration, become brittle,

and rot. The injury to the root is brought about by a rather limited number of local

lesions which kill the root tips. When these lesions occur back from the tip they

some times cut off portions of the root as well. Very often the emerging roots

get infected and rot. In other cases the root system is fairly well developed and

may be free from the disease or may be slightly attacked, but the stems show

brownish discoloration at the foot and are soon destroyed. Sometimes the seed-

lings produce a few leaves but as the roots are attacked by the fungus the plants

soon die. Severely infected seeds do not germinate but if they do germinate

the seedlings generally do not emerge from the ground level, or sometimes only

the tips of the leaves push out before the seedlings are killed. Infected plants

are of course distinctly stunted. When such plants are up-rooted they show poor

development of the root system, which has a brownish discoloration in parts due

to the attack of the fungus. Very often the roots become so brittle and decayed

that an attempt to pull them up causes them to break at the crown,

{h) Secondary infection .—The secondary phase of the disease is manifested

by the appearance on the leaf blade of spots varying from. 0 *5 to 15 mm. in width

and from 2 to 30 mm. in length. The blotches are oval or irregular, usually

brown to dark brown and the colour fades at the margin of these blotches in the

form of yellow zones which gradually merge into the green of the surrounding

tissue. The coalescence of several spots results in the formation of big irregular

spots. Often, as the fungus progresses into the leaf tissue, the spots become
darker and final!}?' reddish in colour, forming short, narrow, dark brown streaks.

Blotches appear on the leaves of the seedlings as well as on those of the grown-up

plants. The lower leaf blades are first affected and the blotches multiply mrtil

scores of them appear on one foliar organ and a considerable portion of the leaf

tissue becomes involved. The entire blades are often affected to such an extent

that they curl up and cause the death of the plant.

The fungus also forms spots in the stem especially at the nodes, attacks the

inflorescence and may be found on glumes and not infrequently on the seed, some-

times causing the entire head or portion of it to be blighted. The diseased kernels

usually are readily distinguished because of the dark brown discoloration at the

germ end and such seeds when placed in a moist chamber give rise to a woolly

myee^lial growth within a day or two. Such severely affected seed occurs in years

A 2
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wlien the disease is in aii epidemic form and shows great reduction in the per-

eeatage of seed geniiination. In the case of very severe attacks the ovary is

Infected and oiider siicli cxmditioiis no seed is formed
;
wliatever seed is set

is badly sliniiikeii and incapable, of normal germination.

0.11 the plots ill which barley is grown year after year' the disease is worst

dining the seedling stage and H, sativum has been isolated from siieh. soil samples.

This sliows that the organism may live in 'the soil as well as in and upon infected

barley grains. When the diseased kernels are jilanted,, the fungus becomes active

'upon the ge.miinatio,ii of the’ seed, penetrates into the young root and' ..leaves and

causes reddish-brown to- dark-brown spots.

.

(ii) Net blotch

The disease caused by H, teres is recognised by the appearance on the leaf

blade of dark brown vspots or streaks wdiich at first are about 1 inm. in diameter

but which, later, increase considerably in size in a longitudinal direction. The

most distinctive feature of the species is the discoloured area involved in the

net-blotch lesiijiis. This characteristic netting ’’ of the ‘ discoloured area on

leaves, sheatlis, glumes, spikelets and grains distinguislies this blotch from the

spot-blotch disease. Further, it does not cause splitting of the leaves which is

so common in the stripe disease. The straw at harvest is dull brown and lacks

strength. This disease does some damage to barley in India, and is restricted

to only a few types and does not occur on local or on other exotic barley types

grown at Piisa. The net-blotch diseuase, is common in the United Provinces and

in Nepal but no report of any serious damage has hitherto been recorded.

This fungus is also known to cause foot-rot and root-rot in other countries

but it has never been noticed at .Pusa.

{Hi) Stripe disease

The disease caused by JJ. gramineum is characterised by the occurrence of

straw-coloured longitudinal streaks on the loaf blades., the typical stripe of the

lesions. Another marked symptom of this disease is the failure of the ear

to set seed normally. The disease first makes its appearance in the form of

small yellowish spots on the loaves, later extending into long parallel streaks.

The streaks become dark-brown or reddish brown and the whole leaf gradually
dries up. The leaf blades are attacked as they develop, and sometimes the ear
does not emerge from tlie sheath ; if it does, it remains erect and stunted and the
awns often become twisted and bent. The affected heads turn greyish-brown
and the grains within are usually shrivelled. As the diseased portion of the blade
within the yellowish green stripes dies, a splitting or shredding of the entire blade
occurs. Dead leaves and plants soon crinkle and ultimately die. Fortunately,
this serious disease of barley is not very common in India.
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III. Host range and strains of H. salimm

H. sativum is not restricted to barley and is vigorously parasitic on several

grasses, according to Stevens [1922] and Christensen [1926]. It has also been

found to form spots on paddy and maize at Pusa and has been successfully ino-

culated in India on wheat, oate, sorghum, sugarcane, Setaria italica and Panicim

frumentaceum 1]. On all these hosts this organism is found to

produce distinct spots on which fructifications are formed. The longevity of

spores of H. sativum may extend to at least four years under Indian conditions.

The organism can live as a facultative saprophyte on dead and dying plants.

Its greatest luxuriance, however, is attained on the foliage of irheat and barley.

There are several strains of this fungus but the most common are those on barley

and wheat. The wheat strain is as vigorous as the barley one and both the strains

are capable of infecting either of the two hosts.

Mitra [1931, 2] obtained several saltanta of this fungus in cultui-e media and

some of these were later isolated from the host plants. This demonstrates that

the saltants which arise in culture also occur under natural conditions. A study

of the saltants of these two strains from wheat and barley has established the

fact that the barley strain is capable of giving rise to saltants of the wheat strain

type and vice versa [Mitra ; 1931, 2],

IV. Temperature relationship of H. saiivurn

Detailed studies in the morphological characters of the barley and wheat

isolates of i?. sativum have been recorded by the senior author [Mitra ; 1931, 2].

The rate of growdh of the two strains at different temperatures has also been

studied on different media and the general relation between temperature and

the linear growth is shown in Figs. 1 to 4. Figs. 1 and 2 give the rate of spread

of the barley strain on Brown’s synthetic agar and Brown’s synthetic starch agar

over series of temperatures. Figs. 3 and 4 give a comparative picture

of both barley and wheat strains on three media.
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Temperature relationwhip of H. mtivum P. K. & B. (barley) on Bro-wn’*

synthetic agar
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Fig* 2. Temperature relationship of H* sativum P, K. & B. (barlejr) on Brown

syntlietic starch agar
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Temperai’iipe

Fig. S. Eight days’ growth of H, sativum (wheat) on Richards’ solution agar at

various temperatiires
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The optimom temperature for the two strains of H. sativum, on different

media is ;—

Tabm I

Strain Brown’s agar Brown’s starch agar Richards’ atiar

Wheat 26‘’C. 25‘’C. 30°0.

Barley . . 26^0. 25-30°a SOT.

From these figures we conclude that the optimum temperature for the growth

of H, sativum lies between 25 and 30°C. Dosdall [1923] in her studies with the

American strains of this fungus found the optimum between 24 and 28°0.

V, The method employed in DETBRMININa the FBEOENTAaB of leaf ABEa
DESTEOYED

In preliminary studies the amount of damage done to the leaf area was
obtained by using comparative but arbitrary terms such as very slight, slight,

fair and bad to represent the degrees of attack. These standards, however, are

liable to alteration ffom season to season and from observer to observer. Personal

errors thus crept in and a correct estimate could hardly be obtained. In order

to overcome this diffculty a standard chart was prepared following Tehon

[1927], in which leaf blades with 2, 5, 10, 15, 20, and 30 per cent area des-

troyed by the fungus, were diagrammatically ^epre^sented. Such a chart is shown
in Plate XIX.

The percentage of the leaf area destroyed in any type of barley was estimated

by collecting the second and fourth leaves from a number of random plants in

that type and then classifying the leaves according to the standard chart. A
frequency distribution was thus obtained and the average value calculated as

diown in Table II.
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Table II

DistriMtim of leaves of barley type 21 a^rding fo the percentage of leaf area

destroyed

PEBCBNTAGE OF LEAP ABBA , DESTROYED

Seed treatment
before sowing

Replica-

tion

0 2 6 10 16 20 SO
Total
no, of

leaves

Average
damage

Untreated-—eon- 1 23 33 6 * • # . 61 1.4

trol 2 38 38 3 .

.

79 1-1

3 26 40 6 , • , . 71 1*4

4 20 35 7 3 » . 66 2-0

6 24 40 2 , . 66 1*3

6 30 39 6 1 , , 76 1-6

7 16 20 16 1 • • 52 2*6

Totab . , 176 246 .44 6 470 Mean
1*6170

±0*0952

Disinfected with 1 46 7 63 0*26

uspulun (uni- 2 103 . . . . 103 0*00

versal) 3 97 • * . , .
.

,

97 0*00

4 76 • # ,

,

• , 76 0*00

6 126 • • • • * , 126 0*00

6 107 2 • , 109 0*03

7 37 1 • * 38 0*05

Total •• 692 10

,

* * • • 602 Mean
0-033;

±0-004(

Mean difference s= 1 . 6838 dzO *0963

The data presented as an illustrative example in the above table have reference

to the method of treatment which is to be hereafter explainedand have been cited

here to show how average leaf areas destroyed are to be calculated.

The mean difference of 1*5838 ±0*0963 per cent is statistically significant

and denotes that a definite advantage has been gained in reducing the extent of

the disease by disinfecting the seed with uspulun before sowing. This method

of determining the leaf area destroyed by species of Hdminthosporium affords

a reliable estimate and is amenable to comparisons being made between different

types in the same or in cMfferent seasons,

18



Observations show that heavy dew and rain together with high tempera-

ture are conducive to foliage and spike infections. Infection can take place at

any time of the season. The fungus has a wide range of temperature rela-

tionship and the spores are capable of germination even at 8°C. or at

the optimum temperature being between 25 and 30®C., that is, nearabout

2S‘^C. As already shown by the senior author [Mitra
; 1931, 1] the higher

temperatures are most favourable for the growth of the fungus, for spore

germination and infection and generally for the development of the disease. He
found that the amount of infection considerably increases as the temperature

is raised from 20°G, to 30®C. The fungus can remain dormant in the host tissue

for a long time under conditions unfavourable for its spread. At the time barley

is sown at Pusa, the mean atmospheric and soil temperatures are nearer the optimal

limits of the pathogen and hence considerable damage is caused during the seed-

ling stage. The mean temperatures then fall and the fungus is inactive during

the winter months, but with the approach of the spring at the time of heading

out the atmospheric temperature again rises and the disease increases causing

a good deal of secondary infection. The full effect of the destructive nature of

the fungus becomes apparent when the crop is mature and is about to be harvested

.

Eajly varieties naturally escape the disease due to the comparatively lower teni-

peratures prevailing at the time they mature,
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VI. Effect of en^uronmental factors on disease development

Observations made during the last four years indicate that H. sativum, is

present every year in practically every field of barley at Pusa and that it is more

destructive in some years than in others. Table ITI shows the percentage of leaf-

area destroyed by H. saiivuni and H. terns in twenty-four types of barley [Bose,

1931] and the local country type during 1930-31, 1931-32, 1932-33 and 1933 -34
,

and brings out the fact that there is a wide variation in the virulence of the disease

on different types of barley from season to season. It will also ‘be noticed that

H. sativum, attacks most of the Pusa barley types, whereas H. teres attacks only

certain types which have been selected from samples originally colieoted from

different parts of India [Bose, 1931]. The local type usually grown in the neigh-

bourhood of Pusa is less susceptible to H. teres. In addition to the data presented

in Table III the writers have observed the disease due to H. sativum in several

areas in the neighbourhood of Pusa and have noted great variation in the inci-

dence of the disease from year to year, from plot to plot and even in different

parts of the same plot. This perhaps is due to differences in soil moisture, tem-

perature, etc. Thus, it is apparent that certain ecological factors influence pro-

foundly the severity of the disease. The fungus manifestly - enters but remains

quiescent in the host tissues when conditions are unfavourable preventing the

pathogen from becoming destructive. Under favourable conditions, however,

secondary infection may occur repeatedly till harvest.
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It lias been noticed that H. gramimum is either absent or very rare at Pusa

and in its vicinity, and occurs only during certain years when a foreign type is

grown at Pnsa, e.g., ‘ Cape barley’ grown during 1921 in the Farm was very severel

attacked by * stripe disease ’ and the whole crop had to be burnt. This rare occur-

rence of /stripe disease ’ is possibly due to the fact that temperatures at Pusa are

not suitable for the growth of this organism. Johnson [1925] found that low soil

temperature favours infection of barley by gramimum and that very little

‘ stripe disease ’ occurs at temperatures higher than 20°C. Such low temperature

does not occur at Pusa either at the time of sowing or harvesting which may
account for the absence of the disease from Pusa.

VII. Epidemiolooy of the disease DUBiNa 1930-34 OB' vaeious types

OF BAEDEY

The percentage of leaf area rendered inefiPeotive by H. sativum and iJ. teres

on barley varieties grown at Pusa from 1930 to 1934 is shown in Table III,

These percentages are based on an estimation from about 200 leaves in each type.

Table III

The percentage of leaf area rendered ineffective bp Helminthosporium teres and
H. sativum on 24 types of barley during 1930*34

Type

1980-81 1981-82 1932-83 1988-34

Attacked by
Coin-

Attacked by
Com-

Attacked by
Com-

Attacked by
flfiTITIl-

E.
bined

n.
bined

E.
bined binedE Infection E. infection E. infection E. n. infection

teres sativuM teres saiivum, teres sativum teres scUivum

1 1 8 4.1 5.9 1.0 2.6 8.6 0.26 0.26 4.6 4.6
2

2
8.0 8.0 ... 1.2 1.2 ... 1.3 1.3 ... 13.1 13.1

S 1 1.2 2.4 ... 1.4 1.4 ... 2,6 2.6 ... 16.5 16.5
4 (1 3 ... 6.3 ... 5.2 5.2* 0.71 2.14 2.85 ... 14.8 14.8
5 12 1 ... 12.1 1.0 3.9 4.9 0.81 2.44 3.25 1.1 11.2 12.8
e 27 9 ... 27.9 23.2 •«« 23.2 20.45 ... 20.45 20.7 3.2 23,9
7 21* 2 ... 21.2 25,4 ... 25.4 14.4 ... 14.4 10.1 1.1 11.2
8 10 6 4.5 15.1 17.5 6.1 23.6 3.9 4.0 7.9 14.2 3.1 17.3-
9 .. 8.4 8.4 12,6 12.5 ... 6.76 6.75 ... 22.6 22.6

10 1 3 10.8 12.1 i.e 14.2 15.8 1.1 4.95 6.05 1.3 8.6 9.9
11 i

8 2 1.0 9.2 4.5 10.1 14.6 3.1 1.0 4.1 1.0 16.0 17.0
12 o 9 8.7 9.6

1

4.8 4.8 9.1 0.82 0.98 1.3 1.8 9.0 10.8
IS 7 6 0.9 8.4 8.0 2.7 5.7 3.45 1.5 11.0 12.5
14

i

7 1 1.1 r 8.2
'

1.3 6.7 7.0 3.65 3.55 13.5 18.5
io ] 11.0 1

i
12.2 ... 5.5 5.5 ... 1.6 1.6 12.5 12.5

ir> 7.8
1

7.8 ».« 4.1 4.1 ... 1.86 1.35 16.8 16.8
17 h 0 6.0 0.5 4.7 5.2 0.13 ... 9.3 9.3
18 12 2 ...

i
12.2 15.0 ... 15.0 2,7 2.8 4.15 1.0 8.4 9.4

19 15 9 ... i: 15.9 20.1 20.1 3.25 0,55 3.8 3,1 18.9 17.0
20

17.
9.3 9.8 ... 4.*8 4.8 2,55 2.65 9.5 9.6

21 7 ... 17.7 4.0 3.1 7.1 ...
;

0.22 0.22 12.7 12.7
22 14. 5 14,5 6.2 5.1 10.3 0.27

I

2.43 2.7 r.‘i 12,8 13.9
2S 18. 4 18.4 17.9 «»* 17.9 8.15 i 8.15 7.0 7.4 14.4
24 9, 2 9.2 8.6 4.0 7.6 1 ITTt 1.35 1.85 4.9-' 4,9

Country .» 5.'9 5.9
,

1.9 1.9 0.22 8.4 8.4
(local). !

mmm
i

1 1

1

'

'

!

^

^
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H* teres was not found in a virulent form up till 1930 but during that year

it seems to have been introduced in tlie Botanical Section, Pusa, through some

imported varieties, probably from England or from Nepal. Since then it has

established itself and has proved very harmful to certain varieties as will be

seen from the above table. During 1930-31 the attack of H, teres was bad on

types 6, 7 emd 21 and some others. Types 7, 12, 17 and 21 were also grown in

another field but away from the source of infection, and there was no trace of

H. teres in them. This fact supports the view that the organism has been intro-

duced.

From Table III it will further be noticed that several types such as types 3,

4, 5, 11, 14, 17, 21 and 24 which got infected during 1930-31 with B, teres were

either free from or were only lightly attacked by this species but the disease

persisted in types 6, 7, 8 and a few others.

The data in Table III show that under the atmospheric conditions at Pusa

none of the twenty-four types evolved by selection at this place are completely

immune to the disease. The different types however show various degrees of

resistance.

The total combined attack on various types varied from year to year. Table

IV gives indications of the range of the percentage of leaf area destroyed by H,
teres and H, satimm during the last four years. .

TablbTV

The range of perSentage of leaf area destroyed hy species Of Helminthosporium on

2i Pusa types of barley

Feecehtagi or ieaf abba EESTEOYEI)

Organism
1930-81 1981-82

1

1982-S8 1983-84

iff. satiiMW , . .

Combined effect .....
0 to 27.9

0 to 11.

0

2.4 to 27.9

0 to 26.4

0 to 14.2

1.2 to 26.4

0 to 20.45

0 to 6.75

0.13 to 20.45

0 to 20,7

1.1 to 22.6

4,6 to 28.9

From the above table it will be noticed that the intensity of the disease caused

by B, satimm was less during 1932-33, but great in 1933-34 when it appeared

in several varieties of barley and was responsible for the shrivelling and discolora-

tion of the kernels. Spots extended even on to the awns, and in several cases

the seed formed was totally destroyed.

The comparative virulence of E. satimm during the last four years on some

of the barley types can be judged by an examination of figures for types 3, 4, 5,

9, 14, 16, 19 and 21 in Table III. It will be seen that the attack was most severe

ill the season 1933-34. The percentage of loaf area destroyed in these typos varied

in the above-mentioned types fropi 0 to 1*2 in 1930-31 to ] 1*2-22*6 in 1933-34,
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VlII, TBIATMENT of seed by iDKaiCIDES TO COBTEOD FOOT-BOT A]^D BOOT-BOT

AND SBCOBDAEY INFECTION

(i) Experiments carried out during 1930-31

Witli a view to study the effect of various treatments in checking the disease

caused by if. sativum and testing the resisting power of certain types of Pusa

barleys, four types which showed different degrees of resistance during the pre-

vious year were selected for the experiment in 1930-31. The attack of H. sativum

on these four types during 1929-30 was the same as in Table V.

Table V

H. sativum

—

Oomparative infection of leaf area during 1929-30

;

6-1-30 21-1-80 6-2-80 20-2-30 5-3-30

Typ©

7 . , . S

I
1

1
1

s
1

3 F F F B

12 . S s .S F F F F

17 . s s
I

' S S S s S

21 . . VS vs- VS VS s S S

Where vs« Leaf infection very sliglit.

S=»Leaf infection slight,

F »»Leaf infection fo,ir.

B «*»Leaf infection bad.

These four types of barley were sown in 96 plots and each treatment for each

variety had six replications. Each plot had sixty plants spaced one foot apart.

The following seed treatments were given before sowing :

—

A—Control seed sown without any treatment.

B—Seed soaked in water for one hour before sowing.

C—Seed infected heavily with spores of E, sativum suspended in water.

D—Heavily infected seed disinfected with a 0*01 per cent solution of mer-
curic chloride for ton minutes.

Separate germination tests showed that the seed of all the four types under
different treatments was almost) cent per cent viable.

Death of seedlings due to E. sativum.—A careful weekly record was maintained
of the number of seeds which germinated or which died of foot or root-rot caused
by H.Mtivum, In some cases a number of seedlings were found to be damaged
by white ants. There was no trace of £f . teres in any of the types. In Table VI
is shown the statistical analysis of the data, using Fisher [1932] method.
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Table VI

Analysis of variance of percentage death of seedlings due to H. sativum and effect of
seed treatment

X—test

Degrees of
freedom

Sum of Mean
Bne to squares squares

Observed
value

Expected
at jP= 0.01

Blocks . , . .

'

.

,

5 2482,0525 496.4105 18.9846 3.017

Varieties . . , , 3 10173.2477 3891.0826 95.5321
,, 3.782

treatments . . 3 1134.8895 378,2965 10.6572 3.782

ZMeractiofi

Varieties X treatments 9 1222.5161 135.8351 3.8265 2,802

Uesidiial error

.

75
1

2662.2592

1

35.4968

i

... ...

Total .
1

95
1

17674.9650 186.0523

1

...

The differences of ail possible mean values between the varieties and those

between the diflTerent treatments are tabulated below. In all tables of mean

differences used throughout the text the positive differences which are statistically

significant at the one per cent level are given in thick type, whereas those

that are significant at the five per cent level are printed in italics.

Table VII

Mean differences in the death of seedlings between varieties and between treatments

BETWUEIff YAEI1!£IES Betweir teeatments

Varieties T. 7 T.12 T.17 T.21 Mean
;

"value

Treat-
ment

A B 0 D Mean
value

T. 7 . ... -0*14 m-m 1*08 17*64 A -.0*29 2*74 —6*64 24*94

T.12 .
0-14 ... 1*22 17*60 B 0*29 ... 3*03 —6*35 24*65

T.17 . ... —22*98 41*70 0 -~2*74 —3*03 ... —9*38 27*68

T.21
.

j

—1*08 —1*22 22*98 18*72 D 6*64 6*35
,

9*38
'

18*30

Critical difference at one per cent level—4*4S0.

It will be noted from the above table that during 1930-31 type 17 had about

41*70 per cent deaths in the seedling stage, whereas types 7, 12 and 21 had 17*64,

17*50 and 18*72 per cent respectively. Type 17 showed significantly higher

percentage of deaths than all other types while the differences between the others

were not significant.
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Treatineiits A, B and C showed average death percentages of 24*94, 24*65

and 27*68 respectively which were not statistically different from eaeii other

but treatment D had only 18*30 per cent deaths which is signiflcantly lower.

This indicates that
' by disinfecting the seed before sowing, the destruction of the

seedlingB due to the disease w’^as minimised. Thus type 17 was most susceptible

to the attack of H, sativum, and treatment with mercuric chloride helped to reduce

the disease during the seedling stage.

Destruction of leaf area by H. sativum.-—When the crop was fully grown, the

percentage of leaf area destroyed was estimated according to the method already

mentioned. Table VIII gives the mean differences in the percentage of leaf area

destroyed in the varieties and in the treatments.

Table VIII

Mean differences in the percentage of leaf area destroyed between varieties and between

treatments

1

Bbtwibh tsbatmbnts

Varieties T. 7

1

T. 12 '

T. 17
1

T. 21 Mean
value

Treat-
ments

A B C Mean
value

T 7
^

2*44
1

—4*68
' —4*54

1

6*08 A ... —1-00 _0*19 —0*70 4*82

T. 12 . —2*44 —7*10 —6*98 8*47 B 100 ... 0*81 0*27 3*82

r. 17 . 4*68 7*10 0*12
1

1*37 C 0*19 —0*81 ... —0*54 4*63

T.21 . 4*54 8*98 ^ —0*12

;

1

1*49 D 0*78 —0*27 0*54 - ; 4*09

Critical dlfTerence is 0.4714 at tlie oae per cent level and 0.S486 at the 5 per cent level.

It will be observed that types 7 and 12 were much more susceptible than
types 17 and 21 which is in agreement with the results given in Table VI. Further^

more, type 12 is significantly more susceptible than type 7. The differences be-

tween types 21 and 17 on the other hand are not statistically significant.

Considering the percentage leaf destruction obtained in the four treatments,

treatments A and C showed significantly higher damage than treatments B and D,
but there was no statistical difference between treatments A (control) and C (in-

fected). It is presumed that the incidence of secondary infection from other

barleys, wheats or grasses had outweighed any differences due to initial infection.

It may be noticed that during 1930-31 the percentage destruction of leaf

area in the four types under study has been inversely proportional to the deaths

e
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fcage caused by foot or root-rot,

)S taken from Tables VII and VIII

aiav he seen li'o:

the experiment indicates that^ except

er the control is obtained by deliberate

This is presnmably due to

Infection followed

To sum up the results

in type 17, no increase in

infection of the seed with spores prior to sowing

seed already being infected heavily

i of death from foot-rot and root-rot to well

of type 17 and to
_

a lesser extent in type

..**^^*. Further, it appears that the .more

to foot-rot and root-rot, the smaller is the percentage of

either the soil or the

by disinfection reduces the percentage

below those of the control in the ease r

21, while type 12 and type 7 are unaffected.

susceptible the variety f

destruction of leaf area in the surviving plants

(ii) Experiments carried out during 1931-32

During 1931-32 four more types were added to the experiment

xnade in the previous year for the determination of their susceptibility

to H. sativum. In treatment D of tins experiment formahn was used

for disinfection instead of mercuric chloride. Infected seeds as in rea -

ment C were disinfected with formalin. 1 : 320. or a solution made by adtog one

pint of formalin (guaranteed 40 per cent solution of formaldelyde) to 40 gallons

of water. The seeds were soaked for twenty minutes in this solution and then

were covered up for two hours for the formalin vapour to act. An ^ditional

treatment E was introduced in which untreated seed as in treatment A was dis-

Terceiitage destruction of

Type ^
i

i

„
i

: —

—

percentage death of seed-

lings by foot-rot and
root-rot

1-37
1

41-70
17

1-49 18-72
21 '

.
.

7
6-03

1

17-64

1

17-60
12

•

1

—

-
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The peroentage of deaths in the seedling stage due to this disease was invari-

ablv vtrv high thk year in all the eight types of barley under mvestxga ion and

42-09 per cent in type 21 to 51-57 per cent in type 20. Statistic^

significance between any two mean values was, therefore
^ee ofl 3472

crs and any difference which waa higher than the critical difference of 4 3472

per cent was taken as significant.

Although treatments A and B were not significantly different from each

other in effit. they showed a higher percentage of deaths in their seedhng stages

a, disi.i.«W in D nnd E Tr.n^t C^
a higher death rate than all other treatments, whereas treatments D and E were

the least affected.

Destrmtion of leaf area.-The average percentage difference of leaf area

rendered ineffective by the disease between the different types and the various

treatments is .shown in Table X.



Mean

dijference

in

the

percentage

of

leaf

area

destroy^

between

varieties

and

treatmevds



Percentage deatihs of

seedlings by foot-rot

and root-rot

Percentage destruction

of leaf area

the incidence of II, sativum on
Effect of differed treatmmts on

and 21 in 1931-32.—In addition to treatments A to E the results ot wmcn nave

aJready been enumerated above, four other disinfectants we tried this year in

another set of experiments with types 7 and 21 only. The eight treatments used

were:

—

Northernportionc^thefidd—

A. Control—seed sown dry in the usual way.

B. Seed soaked in water for one hour before sowing.

C. Seed infected heavily with spore suspension in water and sown.

D. Infected seed as in G disinfected with formalin (Formalin 1 : 320, or a

solution made by adding a pint of formalin to 40 gallons nf water.

Seeds kent soaked for 10 minute and then under formalin vapour
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E. Seed disinfected with formalin as above.

Sotithern portion of the field—
P, Control-seed sown dry in the' nsual way as in A,

G. Seed as in A disinfected with formalin as in D.

H. Seed as in A disinfected with uspiilun (0-25 ' per cent solution
,

for one

hour).

I. Seed as in A disinfected with mercuric chloride (1 : 1000) for ten mmuteB
and then washed In running water before sowing.

J'. Seed as in A disinfected by dusting with sulphur at the rate of four ounces

of fine sulphur (No. 120) per 60 lb. of seed.

Difference between the two types of barley

Type
Average percentage'!

of leaf ai’ea

destroyed

Average percentage
of death of .

sr3edlijags f

7 . 13-24 41-96

21 4-78 36*16

Critical dificrence a
C€iEt level

t. one per 0*87 2*42

1

Type 7 in both cases shows statistically higher casualties.

Difference between the various treatments

Treatment
|

Average percentage
of leaf

destroyed

.... *

Average percentage i

of death of

seedlings
.

'

A 9-04 49*68
:

B . . . ... 8-80 47*44
[

C . . . 10-17 55*08 ^

D . .
, . .. . , . 10*52 42*59'

E . ^ . 9-25 34*21
1

F . , ... 7*77 41*7.6 "

.

1G . , . . . 7-02 36*0.6
,

f

H. . . ., d 8-37 .... 24*19
I , . . . . 9*17 27-26

;

J :

1

9‘99 31-31 .

Crit!<3al difference at 5 per cent
It-Wil

f
1*48 9*21

Criticial difference at, one, per 1*95 12*12
i

cent level

L.. : \
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It will be apparent from the above table that as far as the destruction of leaf

area is concerned the infected series 0 shows statistically higher destruction than

p, G and H only, and that it is not significantly higher than the other treatments.

As regards the average percentage of seedling deaths, C (infected) is certamly

the worst and treatments H, I, J the best. There is no statistical

f
f™.

however, between treatment C and either A or B. It may be concluded that the

different disinfection treatments used in this expenment mmimise the effect of the

Tabm XI

TU extent ofdamage to leafarea in different types ofbarley in 1931-32

Uspulun treatmentFormalin treatmentControl (No treatment)Damage

Six types—^1, 2, S, 4, 6, 17

Twelvetypes~~ll, 12, 18, 16,

16, 18, 19, 20, 21, 22, 28,

Fifteen types—S, 9, 10, 11
,

12, 13, 14, 15, 16, 18, 19,

20, 22, 23, 24.

Two types—6, 7

Thirteen ty
13, 14, II

22, 24.

One type—6,

The above table confirms the previous results that uspulun treatment con-

trols the disease to a certain extent and is more effective than formalin treatment.

Effect of various treatments on the yidd of barley types

In 1931-32 the final yields of all the plots under the eight types of barley

were taken and statistically analysed in order to see whether artificial infection

reduced the yield and also whether disinfection with formalin increased it signi-

ficantly. Table XII presents the yields in decagrammes obtained per plot.
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Table XII

Yields in decagrammes of eight types of barley under five different seed treatments

'

'

]

TreatmeHt (

Elepli-

Varxetibs
Treat-
ment
totals

nation

T. 1 T. 2

1

T. 5 T. 7 T. 12 T. 17 T. 20 T.21

h . 1, 9 4 4 27 31 13 31 58 177

2 45 4 4 94 103 45 99 145 539

3 45 4 4 14 126 49 72 144 458

4 63 18 13 76 117 81 112 148 628

5 31 13 22 108 139 90 44 184 631

2,433

B 1 31 * 13 4 58 81 9 72 67 336

2 18 4 4 54 81 36 81 85 363

3 45 9 13 112 139 58 108 166 650

4 54 9 4 117 130 58 121 166 659

5 58 4 22 54 72 22 63 144 439

2,446

c , 1 18 9 4 58 90 22 72 90 363
2 58 0 9 67 144 36 45 63 431
3 63 ! 9 9 121 139 45 117 126 629
4 67 13 9 94 108 67 67 144 569
5 22 9 i 18 49 81 45 117 94 435

2,427

p ‘ 1 I 27 13 4 58 81 54 76 103 416
2-

1
72 9 9 112 117 36 67 162 584

3
i

90 27 4 121 157 81 112 167 749
4 54 9 9 108 135 81 67 139 602
5 31 9 4 72 117 45 117 81 476

1

2,827
,

p *

'

1 36 9 4 108 112 45 81 126
. 521

2 45 13 9 117 135 58 108 193 678
a 9 9 22 144 148 72 112 121 637
4 31 22 13 108 189 90 108 139 ^^1
5 36 22 22 108 135 76 121 166 686

3,222

Varietal

totals . * • 1,058 273 243 2,159 2,907 1,314 2,190 3,211 13,365

The analysis of variance for these data is shoTm in the following table.

n
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Table XIII

Amlysis of vm'iance

[?. IV

Value of

variance!

variance 2

Pue to Degrees of
freedom

Sum of
squares

Mean
square Observed Expected at-

P=*01.'

Vasieties ...... ... .. 7.
'

.35.6143*435

f

,
50877-6335

, . 1 .
, .

116*394 .2-802.,

Treatments
.

. .

4 12368-650 3092-1375 7-074
1

3-320

Eeplicatfens ... 29628-650
:

7407*1625 16-956 3 -320

lideraetimB.

Varieties x treatments 28 15610-690
j

' 557-5246 1-275 1*791

Treatments x replications . 28 16897-050 603-4661 1-385 1-791

Residual error . 128 55950-500 437-1132

Total . 199 486598-875 2441*1953'
1

' ...

It will be noticed that the mean square contributed by the varieties is the

greatest and is followed by that for replications and treatments.

The. differences in mean yields between the five treatments studied are showq

below:

—

Table XIV

Mean differences between treatments

Treatments.. A. .. ‘’1

‘1

I

.; . I). . E
i

Mean
yield

A . . >

'

'1

0-325 —0-160

'

i

B^SSO '

i

.

j

I

19-725 60-825

—0-325 .

.

—0-475 '

!

I

' 9 -525
I

19-400 61*150

0,,.,.,.: . .....0-475 . * ^

I

j

- 19-875 60-675.

—9-850 —9-525 —10 -000
!

- i

9-875 70*675

—T9 -726', -—19 -400 19-875
'V !

. i

---9 ’875 I

I

80* 550
'

CWtical difference at one per cent level is 12 * 042 and at 5 per cent level is 9 • 163.

‘It“ is s’Ceii that th6 combined mean yields of all the eight types of barley under

treatments B and C are 60 ’ 825, 61* 150 and 60 '675 decagrammes respectively

and the difference between any two of these values is not significant. The mean
yields of the disinfected series D and E are 70'* 675 and 80*650 decagrammes
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respectively. These average values are statistically greater than those in the

other treatments. Treatment E especially yielded the highest. Disinfeetion with

formalin therefore has produced significantly higher yields in barley because of the

fact that it controls the disease to some extent. This will be‘evid.ent also from

comparison of the yields of each type under the different treatments.

Table XV .

Mmn yields in decagrammes of different types of barley under various seed treatments

Treatment'

Babley types

1
^ 2 5 7 32 17 20 2i

193 43 47 I 319 616 278 368 679
206 S9 47 : 395 503 183 445 628
228 49 i 49

1

389 562 215 418 517
274 67 30 i 417 607 297 439 642

157
1

1

76
i;

70
j

585 719 341 ) 530 745
!

Treatments D and E (disinfected series) show higher yields than the other

treatments in most of the barley t37pes under investigation.

{Hi) Experiments carried out during 19S2-3S and 1933-^34

In these two years all the twenty-four types of barley evolved at Pusa were
tried. During 1932-33 the seed was treated before sowing as follows :

—

A. Control—no treatment.

B. Seed soaked in water for one hour.

C. Seed infected heavily with spore suspension in water.

D. Infected seed as in treatment C disinfected with uspulun (universal) for

one hour.

E. Control seed as in treatment A disinfected with uspulun (universal).

During 1933-34 an additional sixth treatment, F, was given in which infected

seed as in C was disinfected with eeresan at the rate of two ounces per bushel of

seecL Each of the twenty-four types had six replications for each of the treat-

ments during 1932-33 and seven during 1933-34.

The virulence of the disease as expressed both by deaths in the seedling

stage as well as by the destruction of leaf area was definitely greater in 1933-34
than in 1932-33.

The average percentage loss due to seedling mortality and to destruction in leaf

area in the twenty-four types of Pusa barley, irrespective of seed treatments, is

shown in Table XVI. If the differences between the average values of any two types
in this table are greater than the expected critical difference shown at the bottom
of each column, the differences may be gauged to be statistically significant.
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Table XVI

Average perceniage loss in different types ofPusa barleys due to the attach 0/ H. sativum

Average percentage of
j

seedling mortality 1

Average percentage of
leaf area destroyed

Type

1932-33 1933:34 1932-33 1933-34

1 L7*64 12-46 0-01 3-32
2 17*90 f, 14-86 0-46 8-00
3 21-93 ! 14-60 1-59 9-78
4 23-59

1

16-87 2-27 7-14
.5 28-39 21-06 2-74 8-50
G 12*61 13-81 13-37 14-22
7 11-10 11-45 8-26 17-46

,

8 12-15 11-92
!

5-81 15*37
9 10-47 11-47 1-31 18-36
10 11-81 11-96 1-00 14-47
11 14^05 12-70 3-39 11-33
12 8^62 14-90 0-46 11-14
13 17-86 20-23 0*63 17*41
14 22-82 27-24 0-71 13-68
15 20-67 17-40 1-92 18*29
IG 8*62 18-47 0*35 10-99
17 9*49 15*05 0*01 7-64
18 13-39 20*95 0-75 ^ 5*23
19 10-93 10*90 0*80 12-11
20 13-40 11-33 0-37 10-93
21 16-44 10-12 0-22 8-45
22 10-75 16*38 0-39 11-38
23 15-45 14*44 0-89 14-45
24 • . 19-78 22-05 0-23 4*18

General mean « 15-386 16-526 1-998 11-823
Standard error of difference

Critical difference at one
1-908 . 1-380 0-224 0*306

per cent level •
.

• 3-740 3*555 0*576 ,0'-775

The results are obvious and hence tables of diJEerences are hardly necessary.

It may be concluded that the various types of Pusa barley respond differentially

to this disease and that the seasonal conditions play an important role in

the incidence of the disease on the different varieties tried. Types 1 to 5 belong
to the two-rowed species of barley and tend to show less destruction of leaf area

than the other types which are six-rowed barleys.

Tables XVII and XVIII show the mean differences observed under various

treatments in the two seasons, 1932-33 and 1933-34 in respect of percentage of
seedlings which died and for the destruction of leaf area.
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It will be noted from the two tables given above that artificial [infection,

(treatment C) has hardly had any appreciable difference on the death of seedlinp

caused bv this fungus, and as a matter of fact the percentage of deaths appeared to

be somewhat lower than in the treatments A and B which were taken as controls.

This reduction may possibly be due to the fact that at the time of artificial infec-

tion which was done in a suspension of spores in water, the lighter and weak

seeds which usually float on the surface of the water and which perhaps were more

susceptible to the disease were inadvertently thrown away, and hence there was an

elimination of some susceptible material and only healthy and plump seeds

remained to be sowm under treatment C.

The disinfected series D, E and E have definitely shown less damage both in

the seedling stage as well as on the leaf area. Ceresan (treatment E) especiaUy

appears to have controlled the disease better than uspulun (treatments D and E)

Ib 1932-33 the highest damage due to secondary infection was shown h}^ treatment

0 (artificially infected) whore the mean value worked out to be 2-706 per cent.

The second and third places were taken by treatments B (seed soaked in water

before sowing) and A (seed sown dry), respectively, with mean values of 2-406 per

cent and 1*935 per cent respectively. In treatment I) (artificially infected and

then disinfected with uspulun) the mean leaf area infected by H. sativum was 1 -922

per cent, a value which was not statistically different from the values obtained

for treatments A, B and C. Treatment E, however, in which ordinary seed

similar to that in treatment A was disinfected with the same strength of uspulun,

showed only 1 -022 per cent damage and this value was statistically less than t la

shown by ‘the other treatments. This indicates that uspulun was effective in

controlling the disease to an appreciable extent in treatment E hut not so in treat-

ment D because of "the additional artificial infection given immediately before

disinfection. Secondary infection appears to have reduced the variability due to

the different treatments except E in 1933-34.

Considering the average percentage loss in treatment A very low correlations

were found to exist between

1 Seedling deaths in 1932-33 and those in 1 933-34 (f == 0 0980±0 • 1364)

,

2. Leaf area destruction in 1932-33 and that in 1933-34 (r=0-0944±0-1365),

3. Seedling mortality and leaf area destruction in 1932-33 (r ~ 0 1018±

0-1362),

4. Seedling mortality and leaf area destruction in 1933-34 {r s= —0-0374±

0-137S).

IX. Seasonal effect

That season exerts a great deal of influence on the incidence of H. sntnum

Which cannot -be contested and has already been demonstrated by the results
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enumerated in the preceding pages. A statistical proof of ' this can be obtained by

analysing in detail the behaviour of types 7, 12, 17 and 21 during the ibur

years 1930-31 to 1933-34.

In Table XIX is presented the complete analysis of variance of the per-

centage of deaths in the seedling stage and of the percentage leaf area destroj^ed

by E, sativum respectively. It will be-noted that for both these characters the

largest figure for variance or mean square has been contributed by the variance

due to seasons, and specially in the case of seedling mortality this figure is very

pronounced and very much higher than that contributed by any other variables

proving thereby that season exerts a great deal of influence in the vs/riability of

|}he disease afifecting different types of barley.



Total

.

319

100991.3955

316.5874!

10416.88

32.6526
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Tho average values of the number of seedlings that died and the leaf area

destroyed in the whole experiment, irrespective of varieties and treatments, during

the four seasons in which this experiment was conducted, together with all possi-

ble differences are shown in Table XX.
Table XX

Mean differences behveen seasons

Death of seedlings
j

Leaf area destroyed

Season 1930-31 1931-32 1932-33 1933-34
Mean
value Season 1930-31 1931-32 1932-33 1933-34

Mean
value

1930-31 23*93 --12-02 —8*8C)
:

24*51 1930-31 3*25 —1*83 7*78 4*43

1931-82 —23*93 —35*95
'

—32*79 48*44 1931-32 —3*25 ! —5*08 4*53 7*68

1932-33 12*02 35*96
!

j

3*16 1 12*49 1932-33 1 83 5*08 9*61 2*60

1938-34 8*86 32*79
i

—3*16
;

'

1

...

j

15*65 1933-34
1

-7*78 —4*63 —9*61 ... 12*21

Critical difference at one per cent '=1*698 Critical difference at one per cent= 0*310

It is evident that in the four barley types under study sativum brought

about 12*49 per cent deaths in, the seedling stage in 1932-33, 15*65 per cent in

1933-34, 24*51 per cent in 1930-31 and 48*44 per cent in 1931-32. The destruc-

tion of leaf area was least in 1932-33 working out to be only 2*60 per cent and

maximum in 19»33-34 wdien it was 12 • 21 per cent. In 1930-31 it was 4 • 43 per cent,

while in 1931-32 it was 7* 68 per cent. The positive differences which are statis-

tically significant are in thick type in the above table.

The behaviour of these four types of barley during the seasons under review may
be gauged from the table which follows :

—

Table XXI
Mean differences between varieties of barley

Death of seedlings Leaf area destroyed

Varie-
ties T. 7 , T. 12

i

T. 17 T. 21

1

Mean
value

Varie-
ties

T. 7 T. 12 T. 17 T. 21
1

Mean

j

value

T.7 . I ... —1*67 6*21 —0*61 24*29 T. 7 —4*24 —8*42 —7*64 11*78

T.12 . 1-67 7*88 1*06 22*62 T.12 . 4*24 —4*18 —3*30 7*54,;

T.X7 , —6*21 —7*88
!

... —6*82 30*50 T.17 . 8*42 4*18 .. 0*88 3;* 36,

T.21 . 0*61 —1*06 6*82 ... i 23*68 T.21 . 7*54 3*30 —0*88 4*24

Critical ditfcreccc at one per cent fcsl' 698 Critical difference at one per cent =0*310
Critical difference at 5 per cental *292 Critical difference at ,5 per cent =0*230

Type 17 seems to show maximum and type 12 the minimum percentage of

deaths during the seedling stage, whereas type 7 shows the maximum and type 17

the minimum destruction of leaf area due to the fungus.
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Siiiiiiaiiy, the differences of mean values due to the various seed treatments

are presented in Table XXII below :

—

Table XXII

Mean differences between different seed treatments

Treat-
meats

Deatli of seedlings
Treat*

' meats

Leaf area destroyed

A B
j

C B
i

Mean
value A B C I>

Mean
value

A —1*52
1

—1*39 —8*97 28*24
1
A. . i • • 0*48

1

0*73 i —0*02 6*43

B l'S2 0*13 —7*45 26*72 B . . —0*48 0^25 —0*50 6*91

0 1 SB —ris ... 1
—7*58 26*85 S* • !

—0*73 —0*25 ' 0*76 ^ 7*16

B 8*97 7*45 7*58
1

19*27 !l). 0*02 0*50 0*75
I

6*41
1

Critical difference at oneper cent«»l*69S Critical difference at oneper cent==0;3l0
Critical difference at 5 p er cent=1*292 Critical difference at 5 per cent=0*236

The results are too obvious to need further comments and it is apparent that

seed disinfection reduced death during the seedling stage but had no appreciable

effect in reducing the secondary attack.

X. Conclusion

H, sativum causes considerable damage to the barley crop in Pusa every year.

The amount of infection varies with locality, year and the variety of barley. All

Pusa types of barley are more or less susceptible to the disease. It has been

found that certain ecological factors, especially temperature, play an important

part in varying the severity of the disease. If. teres also has recently been intro-

duced at Pusa but is restricted to certain types only, whereas H. gramineum is either

absent or very rare and occurs only during certain years when a foreign type is

grown at the Pusa Farm. This is perhaps due to the fact that the range of tempera-

ture at Pusa is not suitable for the growth of gramineum. According to John-

son [1925] low soil temperature (10® to 12®C.) favours infection of barley and

very little strip© disease occurs at soil tcm] oratures higher than 20® C. This low

temperature does not occur at Pusa at the time of sowing or harvesting and this

may account for the absence of the disease. In the United Provinces and also in

Nepal, where the soil temperature is lower, this disease makes its appearance.

That high temperatures are favourable for the development and the spread of the

disease caused by H. sativum has also been noticed by Dosdall [1923], McKenny
[1923] and Henry [1924].

Predisposition plays an extremely important part in the degree of infection*

type 21, which is less susceptible, was rather severely attacked during 1933-34.

This may be due to the conditions unfavourable for the growth of the barley plant

but favourable for the growth of the fungus. Thus, when a resistant type is con-

fronted by unfavourable conditions, it also becomes liable to infection.

The reaction of the soil also determines to a great extent the degree of infection,

and this perhaps is the reason why infection is more in certain fields and less in

others or is greater in one part of the field and milder in another part of the same
field.
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Weather conditions at harvest time or just before it, exert an influence on the

percentage of infection in the ear and grain. Dry weather at tile critical period

tends to reduce the intensity of contamination while a wet period favours the deve-

lopment of H, sativum.

Various fungicides tried during the four years under review helped to check

the disease to a certain extant. The superioiity of uspulun in controlling the dis-

ease was confirmed several times during 1931-32, 1932-33 and 1933-34 and ceresan

which was tried during 1933-34 proved to be still more effective. Though these

fungicides controlled the disease to a greater or lesser extent during the seedling

stage they usually failed to check the attack on the leaf surface owing to secondary

infection taking |)lace by means of air-bome spores from different fields of barleys

wheat and other wild grasses on which H, sativum thrives. ^Further, H. sativum is

capable of living saprophytically in the soil and can infect treated seed. It has

been noticed that the plots on which barley is grown year after year are the worst

affected both during the seedling and the mature stages of the plant.

It is not sufficient only to disinfect barley seed one year and save the grain

from the resultant crop for sowing in the succeeding year, as such grain may be

heavily contaminated with spores and mycelium of H, sativum due to secondary

infection. It is essential that seed should be treated every year with an efiective

disinfectant of the ceresan type, if the disease is to be controlled in the primary

phase. As far as the obvious loss is concerned, the primary phase (foot-root and

root-rot) is of course the more important than the secondary infection on account

of the greater mortality during the seedling stage. .

Since the disease, especially the secondary infection, cannot effectively be

controlled by seed treatment alone, the necessity for evolving new types resistant

to the disease becomes apparent. It has been observed that there is a differential

varietal resistance in the Pusa types of barley, that is, some are susceptible while

others are resistant to a certain degree. The use of existing resistant varieties and

breeding of new types with more suitable agronomic characters is therefore one of

'.the most promising methods of preventing Helminthosporium disease. This

:method is receiving the attention it deserves at Pusa, In addition to breeding

resistant varieties, it is advisable to plant clean seed and to have crop rotation

.in order to reduce the possibility of infection from the soil.

XI. SUMMABY

1. Three species oiHelminthosporium occur on barley in India, viz,, H, sativum

P. K. & B., jET. Sacc. and if. Babh.

2. H. sativum is common at Pusa and in its neighbourhood. It is respon-

'sihle for foot-rot and root-rot, head blight and spot formation on all aerial parts.

It lowers the percentage of seed germination, and reduces the crop yield.

Z, H. Urm also occurs at Pusa but is restricted to such types as have been

introduced from outside. It is altogether absent on the types of barley grown
locally^ JET, gra;mimum is jerj rare at Pusa^
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4 The amount of damage done by sativum to various typos of Pusa

barley, varies from type to type, from season to season, and from plot to plot.

In some vears it occurs in a virulent form, e.g., during 1934.

5. The percentage of leaf surface destroyed by H. satimm and H. teres during

1930-1934 on various types of barley is given.
^ ^

(5 Various fungicides were used to control the disease, i.e,, sulphur, formalio,

uspulun, mercuric chloride and ceresan. Mercuric compounds we the most

successful but none of the disinfectants was found to^check^the disease entire y.

This is due to the fact that the organism lives in the soil and is parasitic on several

grasses and also on wheat. Thus, repeated infections may occur during the grow-

ing season and seed treatment may not eliminate the disease altogether, feiiitable

treatment of each year’s seed will, however, check the disease during the more

important primary phase.

7 Differences exist in the susceptibility of different varieties to the attack

of H.'sativum but the degree of infection is influenced by enviromnental factors

such as temperature, humidity, etc.

8. Since the disease, especially the secondary infection, cannot be effectively

controlled by seed treatment alone, the study of varietal resistance is of great

importance.

The writers are very grateful to Mr. Azmatullah Khan, Pieldman, Mycological

Section, Pusa, for the ungrudging help rendered in making observations of various

field experiments during the course of this study.
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I. Intboduction

Cultivation of cinchona was taken up in India on or about 1866 at which

time Sir Clements R. Markiiam brought the seed of Cinchona officinalis 1j. imd

C. Calisaya Weddel from Bolivia and Peru. The first plantation was laid down

in the Mgiri Hills of the Madras Presidency and since then its cultivation has been

extensively taken up in the Sikkim plantations of the Darjeeling district and in

(
4:85

)
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certain parts of Burma. The cmchona plant does not grow below an altitude of

2,000 feet. Tlie.crop needs copious rainfall, a cool and humid climate and at the

same time well-drained land, as water-logging is fatal to its growth. In- th©'

Darjeeling district it is grown on steep mountain sides and all attempts to grow

these plants in the plains were unsuccessfuL

A serious seedling-blight disease was first observed at Mungpoo, in the

Darjeeling district in 1928 in seed-beds and, as it was causing a good deal of loss

to the plantation, the investigation was taken up.

11. Symptoms '

The disease manifests itself for the first time at the collar of an affected seed-

ling where the discoloration of affected tissues becomes evident. The discoloured

area gradually extends above till it reaches the cotyledons which then become

limp and bend over. The leaves gradually become yellow, curl inwards, and in

severe eases are shed, but this is not so very common. The discoloration is fol-

lowed by rotting and when the decomposition of the bark tissues has started and

the inner vascular regions are affected the seedlings hang down from the affected

portion and die.

When the weather is moist, copious aerial mycelium can be seen on the affect-

ed seedling and microscopic examination reveals the presence ofnumerous sporangia

attached to broad unseptate mycelium indicating that the pathogene is a Phy-

comycete. The mycelium is broad, with a granular protoplasm, and penetrates

the bark, cortex and the wood. It is found both in the cells and between the

cells. When the mycelium penetrates the cell wall, it becomes constricted just

at the point of perforation. Haustoria are not observed, The cell

contents are destroyed and in advanced cases the walls collapse. The sporangia

are rather loosely attached to the stalks and at the slightest puff of wind they are

blown to other plants that are near, and the disease may spread in this manner
also. Several seedlings at Mungpoo were found to die from the top downwards,

though they were affected by the same Phycomycete, indicating that the infec-

tion can also be aerial, that is, from the sporangia that are blown about from the

affected seedlings or by zoospores which may also be splashed by rain on to the

leaves and may bring about aerial infection. A close search for oospores on
diseased seedlings was made but none were found.

III. Isolation

Pieces of affected seedlings were first surface-sterilised by washing them
in 0*1 per cent corrosive sublimate solution and then in several changes of sterile

water. They were then incubated in moist chambers. A copious growth of my-^

celium was found on the incubated tissues in about five days time ; the mycelium
was profusely sporulating. Bits of this mycelium were transferred to Quaker
oat agar tubes and culture of the fungus was thus obtained. Single sporangial

cultures were then obtained by using KeitPs
[ 1915 ] plating method. The fungus

isolated was a species of
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IV. Pathoohotcity

Iiiocnla-Bion experiments, witli PhytopJitJiora isolations were carried .out .at

Pusa and at Munsong and Siireil near Mungpoo in the Barjeeling district.

For this pnrposej seedlings of cinchona' that were about one foot high were

selected and brought down to Piisa for inoculation purposes. The inoculum was

placed either on the base of the stem or on the tender leaves.

After placing the infective material in position, it was covered with wet

cotton wool and the cotton was kept constantly moist. The results of the test

are recorded In Table I.

Table I

liesuUs of inoculating cinchona seedlings with a species of Ph3d}ophthora

No. of plants inoculated No. of plants taking infection Position where inoculum
was }')laced.

15 0 Leaves

15 1 15 ??

15 10 jj , .

7

'

-7 Collar

10 0

In each case five plants were kept as controls. The S3?Taptoms on the inocu-

lated plants (Plate XX) were similar to those noticed on naturally infected plants.

The controls received the same treatment as the infected plants except that

the infective material was not placed on them. All of them remained quite

healthy during the course of the experiments and much later. From the infected

plants the causal organism was isolated and it agreed with the original fungus.

The pathogenicity of Phytophthora sp. isolated from the diseased seedlings was
thus established. At the time the inoculations were done at Pusa the tempera-

ture was in the neighbourhood of 27*^0. and the humidity was very high. At
Mungsong where the right conditions for getting successful inoculations were
available, infection experiments carried out also proved the pathogenicity of

the fungus.

V. Moebholoot

The morphological features of the organismwere studied on Quaker oat agar,

a few other spp. being also included in this study for purposes of

comparison, viz., P. palmivora Butl, P. meadii McRae, P. colocasiae Rac., and P.
parasitica Dast, It was noted that while these species put forth profuse aerial
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growth, the cinchona PhytophtJma was less profuse. Macroscopically it -^PP^d

to bear resemblance to P. palmi^ora and to a less extent to P. meudn than to

the other fungi included in the study. The aerial hyphae appeared to be rather

broader thairthe submerged hj^hae, the hyphae were unseptate when young but

put forth thin septa at the time of forming the fruit bodies. The mycelium was

Lhly uranular and became knotted in some cases. In cultures the sporangia

were formed rather sparingly. They were narrowly and in some fow cases broadly

oTate, pear-shaped, ellipsoidal or sometimes almost spherical. The papdlae

were very prominent. The sporangium bore at the basal end a distinct pedicel.

Theywere mostly home terminally but a few were intercalary. For obtaining a

large number of sporangia, a bit of the vigorously growing mycelium was trans-

ferred to plain, sterile water and incubated overnight at 20°C. Sporangia thus

formed were smaller in size than those obtained in culture, which might possibly

be due to lack of food material.

Germination of the sporangia may be direct or indirect. In the former case

slightly higher temperatures were observed to be necessary but mdirect germina-

tion by means of zoospores through the papillate end of a sporangium was favoured

by low temperatures. Each sporangium may put forth zoospores which swim

for a while, become round and then come to rest ;
the number of zoospores varied

from 13 to 29 acc ording to the size of the sporangia. In the case of direct

germmation by means of germ tubes, secondary sporangia may be formed which

produce the zoospores. Two hundred sporangia were measured from a wate

culture at 25‘’C. and the range for length and breadth was 17-5—SS’bii. and

g-O-SO-Opc, mean being 33-3 x 17-6(1. In old cultures chlamydospores predominate

and measurement of 200 of them indicated that they had an average diameter

of 37 3 i*-. A statistical analysis of the spore measurements is given later.

Oospores were found neither in the host tissues nor in artificial cultures.

VI, Ikflijence of envibonment oh sfobe pboeuctioh

(a) Humidity

Slant ciiltureB on Quaker oat agar were kept in a desiccator for comparison

with similar slants at laboratory humidity. The Phytophthora grown in a dry

atmosphere showed retardation of growth and enhanced production of

chlamydospores.

(b) Light

Mycelium was placed in distilled water in watch glasses of which six were

placed in bright light against a north window and another set of six in a dark

chamber, and was examined at the end of every hour. It was observed that the

sporangia that were formed germinated by means of zoospores in the light, but

that only direct germination took place in the dark. Light therefore seemed to

favour indirect germination through the agency of zoospores. Few clilamydo-

spores and no oospores were observed.
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VII, Mixed cudtotes

As tiie ftmgus did not form oospores in cultures, .
attempts were made to in*

duce oospore formation by growing this PhytopMhora together with others in the.

same Petri dishes. First attempts to induce oospore formation in this inamier

weie made by Clinton [ 1909-10 ] and since then Gadd [ 1924 ]. Lester-Smith

[1927 ], Ashby [ 1929, 1 ; 1929, 2 ] and Narashimhaii [ 1930] have succeeded in

obtaining oospores by growing various strains in mixed cultures. In the present

study, investigation was carried along two lines
: (1) paired cultures by growing

together various isolates, all of which were monosporangial in origin, from diseased

cinchona plants made on various occasions, to see if heterothaliism existed : (2)

paired cultures using one of the following fungi against one of the cinchona

isolates :—P. colocasiae, P. parasitica from guava, P. parasitica from cotton,

P. meadiif P. faberi and P. palmivora. In paired cultures using various com-

binations of the isolates from cinchona seedlings, no oospores were at any - time

found, indicating that there may not be heterothaliism in this fungus at least so

far as the isolates that were used in the present study are concerned. In the case

of paired cultures using the other PJiytophthora spp. oospores were obtained in all

cases except P« meadii. The results are tabulated in Table II, together with ex-

treme and mean measurements.

Table II

Oospore formation in paired cultures of Phytophthora on Quaker oat agar in Peiri

dishes

Nature of isolates grown together

1

!

Oospore
|

formation I

j

Measurements of 100 oospores

Range in

M*

Mean in

Cinchona PI X Cinchona P2
I

— I

i

Cinchona P X P. cohcasiae + 23‘4--39-6 81-5

dnchona P X P. parasitica (guava) + 21 *6- 34 *2 28*2

Cinchona P X P. parasitica (cotton)

.

-h 25^3---36 80*4

Cinchona P X P. meadii , . ,

'

’

,

,

—

Cinchona P X P, faberi (cocoa) 4" 28 -4—36 29*9

0nchona P X P- palmivora (palm) , 4" 23-4—-84*2" ' 29-*4«i'

’^'Only fifty oospores were available for measurement in this case.
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place in' all eases at the place where

of the two isolates met. It may be mentioned that at ordmary

around 28°C., no oospore formation took place,

of the mycelium from the two fungi, there was usually a pale

examination, it was found that oospore formation

je The antheridia were amphigynous, the oogonial

"and hyaline while the wall of the oospore was rather thick

1 looked rather yellowish in colour. Attempts to

were negative.

whether the oospores produced in these mixed cultures

of some stimulus which one fungus provided

Literature on this point has been recently

3 • that there is

' ' m with which he worked and that the

result of hybridisation between the + and — strains

ir. In the present studies the isolates did not form

in mteed cultures of cinchona strains but only in mixed

lies of PhytopMJma. The trials are too few, however,

definite conclusions from these data, but the fact that

ihe”oos7ores were formed only at the junction of the myceUa from the two d^er-

ent cultures, is significant. It may mean either that the oospores are a resu

hybridisation or that some stimulus is provided by one culture

oLpore formation, which need not be necessarily chemotropic but can also be

thigomotropic.

VIII. Idehtity oe the Cihchoka

Finally the question of the identity oftU Ph^ophthora isolated firom the

diseased sillings of cinchona remains to be determined. For this Purpose several

criteria that are usually appHed for the determination of species of PhytopUh^a

wMpS and the resifite are presented below. But it has to be emphasised

here tlS the question of taxonomy of the species belonging to ^ ^

tremely difficifit. Attempts by Rosenbaum [ 1917 ] to monograph the genus and

those by Leonian [ 1925 ] to classify the species on the basis of physiological res-

XJCLt bin jolusive. The recent effort ofTucker [ 1931 ] has how^r

clarified the ideas regarding the taxonomy of the genus to a considerable ^extent.

The foUowmg criteria for the determination of the specific ranjc of cinchona

PhytopMhora were tried

() Pathogenicity and cross inoculation experinaentsv

() Critical temperatnre for growth.

{c) Ability to infect certain selected hosts.

(5) Morphological comparison including measurement of sporangia.

registering

the mycelium

laboratory temperatures.

At the junction c- -

yellow line and on microscopic

at this place was quite profus(

wall was smooth, thin !

and yellowish. The oospores

germinate the oospores

The question arises

were the result of hybridisation or

to the other for their development,
, i • ^

summarised by Tucker [ 1931 ], and Narashimhan s
J
1930

]_
W

heterothallism in the species of PhytophtJior

oospores are produced as a i „

uot seem to find favour. In the present stucUes
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{a) Pathogenicity tests.—Pathogenicity tests wer© conducted by testing the

parasitism of three species of PhytophtJiora on cinchona seedlings, and by testing

the parasitism of the species from cinchona on castor, palm, betel vine and colo-

casia. Healthy and vigorously growing seedlings of cinchona were obtained for

this purpose and they were carefully infected with the respective species using the

usual aseptic methods. The results of these tests are given in Table III.

Table III

Pathogenicity of certain Phytophthora spp. to cinchona seedlings

Name of parasite No. of cinchona
seedlings

No, killed

P. parasitica • • . • . 14 ' Nil

P, colocasiae • • • • . 15

F. palmivora • • • * • 15 7

Cmchona P. • • • • 15 15

From the data recorded in Table III, it will be noted that P. parasitica and

P. colocasiae are unable to parasitize cinchona seedlings but that P. palmivora

can do so. Of the fifteen plants that were infected with this fungus seven died

showing the typical symptoms while all the plants infected by the cinchona fungus

succumbed within that time. These infection experiments indicate that the

cinchona species may be a strain of P. palmivora. This point was settled by the

following further experiments.

{b) Critical temperature for growth.—^Tucker [1931] considers that the maxi-

mum temperature at which the growth of a Phytophthora can take place may yield

a clue as to its identity. While this is not an absolute criterion, it certainly helpw

in arriving at a conclusion along with the other criteria. The fungus was grown in

Petri dishes on corn-meal agar and placed in incubators that were accurately

adjusted to 32-5'^, 35° and 37-5°C. None of the species included in this test grew

at 37 *5°C. P.parasiticai P. colocasiae and P. palmivora grew slightly.

The cinchona Phytophthora grew only at 32*6° and not at the higher temperature.

That the cinchona Phytophthora did not grow at 35°C, when P. palmivora did,

is possibly due to the fact that while P. palmivora was an isolate from a palm tree

from the plains, the cinchona Phytophthora came from the mountain valleys where

it may have, in the course of years, become accustomed to a cooler temperature.

Attention may be drawn in tills connection to the twenty-two isolations of P.

palmivora studied by Tucker [ 1931 ]. While he considers them all to belong to

the same species, they show considerable variation in their response to the same

temperature so that the slight variation seen between the cinchona Phytophthora

.and P. palmivora in this case is not very material.

F %
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(c) Abiliiy to infect certain hosts ,—In order to ascertain the ability of cinchona

Phjtophthofa to infect certain hosts, its parasitism was tried on leaves of castor,

colocasia, betel vine and palm. The usual aseptic precautions were taken in these

tests and the standard methods of testing were tried. The results are given below:

Table IV

Parasitism of cinchona Phytophthora on certain hosts

Host, Ho. infected Ho. that took
infection

Castor leaves . • . 17
. ,

12
,

Colocasia leaves • • • 12 Nil

Betel vine leaves • • 14 9i

Palm leaves • • • 15 8

The results show that only castor leaves and palm leaves are infected by the

cinchona Phytophthora, Even though the castor leaves are attacked by the cin-

chona fungus, the castor fungus, P. parasitica, is unable to infect ciD.chona seedlings.

In the case of infection ofpalm leaves, however, the cinchona fungus is not only able

to infect the palm leaves but the palm Phytophthora is able to infect cinchona

seedlings. It would appear therefore that the Phytophthora ivom cinchona is not

P, parasitica but a strain of P, palmivora,

(d) Morphological comparison and spore measurements . above conclu-

sion was further supported by the morphological features of the two fungi and their

spore measurements. Butler [ 1910 ] mentions that the sporangia of P, palmivora

have a distinct stalk at the base. The sporangia of cinchona Phytophthora possess

also a distinct stalk. It therefore resembles P. palm ivora in this respect rather tb an

P. parasitica which according to McRae [ 1934 ] is without stalks. Purthermore

according to Butler the papilla of P. palmivora are very prominent. Critical

comparison of the papilla of cmehona Phytophthora again showed its close resem-

blance to P. palmivora rather than to P. parasitica.

For the purpose of comparing the spore sizes, 200 sporangia were measured,

both of cinchona Phytophthora and P. palmivora. The method of obtaining

these sporangia is already given in a previous section. The measurements were

arranged in the form of frequency arrays, both for length and breadth, and these

are given in Table V, together with the mean measurements. For seeing whether
there was any agreement between the lengths and breadths of P. palmivora and
cinchona Phytophthora, Pearsons^ test as applied by Mundkur [ 1934 ]

was used. The values of X and P obtained in each case are also given at the end
of Table V^

'' '
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Table V

Frequency tables of length and breadth of the sporangia of dncho^ia Pnytophtliora
and P. palmivora

1

Mid-point
|

I

1

Cinchona Pliytoplitliora P. 2^aImivora

Length in Breadth in Length in Breadth in

.

9*5, 18 15

13*5 50 35

17*5. 1 76 1 56

.

21*5 20 39 13 60

25*5' 36 14 29 - 27 ,

'29*5' 28 3 27
'6

33 *6 42 41 1

,

^ 37.*5
'

28 35

^ 41*5 24; ,29,
,'

45*6 13 11

49*5 . 4 10

53*5 2 1

57*5 2 3

Mean length 33* 3±* 39. '

.

.

' .

Mean length 34*7±:*36.

Mean breadth 17 -Bib *19. Mean breadth 18*9±* 23.

Agreement between lengths of sporangia of 1
.^ 2— 0.73

cinchona Phytophtbcra m.d P, 2^alnmota J

P for % = 11 is between *80 and *70 (Fisher’s table)

Agreement between breadths of sporangia > y 2 --43.79
of chiehonB, Phyiophthora mid P, palmivora-J

P < 0*01

It will be noted from the data recorded in Table V that the sporangia of cin* *

chona Phjtoplithora have a slightly smaller mean than those of P. palmnora but
the moan difference is not however significant as the valne ofP is high, between * 80
and • 70. With respect of length therefore the two fungi can be considered as samoo
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With respect to breadth, the sporangia of cinchona P%io|)MoTO are slightly nar-

rower than those of P. palmivora. The mean difierence in this case, however,

is significant as the value ofP is less than -01. Comparison with the measurement

of tho sporangia of P. colocasiae, and P. parasitica, msAe in connection with some

other investigations at the same time as these investigations, showed however that

ti,,. .mol.rrna Wus agreed closely in respect of sporangial size with P. palmivora

In a recent paper Celino [ 1934 ] has described a PJiytopUhora on omchona

from the Philippines and named it P./ahm Manbl. When discussing the ta,xo-

nomv of cinchona PJiytopUhora he states “ According to Kosenbanm s tentative

table for the separation of the species of the genus PhytophfUyra the absence of

oospore places the fungus in the Faberi group. The PhiHppine Phytophthora,

cinchona strain therefore falls under this category Eeinking [ 1923 ] also con-

sidered his isolations of P. faberi distinct from P. palmivora because they did not

produce oospores. It is customary to consider isolations from cacao, P. fahen,

and those from palms, P. palmivora, but it is doubtful whether any real difference

exists between the two species. Celino [ 1934 ] has mainly depended on the size

of sporangia and chlamydospores for the classification of his species. Tucker

[ 1931 ], Leonian [ 1926 ] and other workers have shown that the sporangia and

chlamvdospores of Phytophthora of the same species vary so much in size that

they cannot be depended upon for specific identification. Butler [ 1924] and

Gadd [ 1924 ] considered P. faberi and P. palmivora morphologically similar, while

Leonian [1925] considered them alike physiologically. Lester-Smith [1921],

Seal [ 1928 ], Ashby [ 1929 ], Thomson [ 1929 ] and other writers regarded the two

species as identical and the majority recognised the validity of P. palmivora
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6 . Statistical comparison of the sizes of sporangia of cinclioiia Phyfopli&om

and P. palminora Bnti. were made and it was found that in length the sporangia

of both the fungi agree but in breadth the sporangia of cinchona PliytoplifPora.

are slightly narrower than those of P. palmimra 'Butl.

7. It is concluded therefore that the cinchona fungus is a strain of P, palmivota

ButL
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I. Intboductoby

The root-rot disease of cotton is very serious in the Punjab and causes heavy
damage to the crop every year. It has been prevalent for many years and
affects both American and indigenous (desi) cottons. The disease attacks the

roots exclusively and brings about at first wilting of shoots and then death of

the entire plant. The damage caused by the disease to cotton has been found

to vary a great deal in different fields. Observations made on the cotton crop

in the Sargodha Colony showed that the percentage of damage was i-15 in dif-

ferent fields ; while that on the Lyallpur Agricultural Farm, on the average, the

loss has been about 3'3 percent. In certain individual fields the loss is very
great. In some plots of the Botanical area at Lyallpur, about 11 per cent of the

“ ( 496 )



STUDIES ON THE EOOT-ROT DISEASE OE COTTON 497

crop was destroyed by tbe root-rot disease' anuiially. In other plots, however,

as much as 30 per cent plants were killed by this disease. In certain fields on

the Agricultural Farm, Montgomery, over 50 per cent of the crop had been

reported, as affected by root-rot.

Incidence of the disease in zamindars’ area,—Reports received regarding

the occurrence of this disease in zamindar’s fields in various parts of the Province

have shown that the disease occurs commonly wherever cotton is grown. In

some cases, the damage reported has been as great as 60 per cent of the whole

“crop. Taking into consideration the extent of the disease for the whole province,

the average loss, at a moderate estimate may bo put at about 2 • 5 per cent. On
this bafeis the area of the cotton crop damaged by the disease would be 56,250

acres, taking 2J million acres as the total area under cotton in the Province. If

four maunds be taken as the average outturn per acre and Rs. 7 as the price of

cotton per maund, the total value of the cotton crop destroyed by the disease

would amount to (56,250 acres X 28) == Rs. 15,75,000 (15|: lakhs) This is

evidently a very heavy loss. But if the loss of individual fields is calculated, it

would come to an alarming figure.

An investigation of the cotton root-rot disease had been carried on by the

Punjab Agricultural Department for sometime. Preliminary observations made
on the diseased roots showed the presence of fungal hyphae and spores and pointed

40 the occurrence of soil fungi of the order of Fusarium, But nothing definite

was established regarding the causal organisms. The problem remained un-

solved and no further light had since been thrown on the presence of any effective

parasitic fungi, as the inoculation of healthy plants failed to produce the disease.

The investigation of the problem has been taken in hand under a. scheme of the

Indian Central Cotton Committee since 1932. The work so far done is briefly

described in the paper.

II. Symptoms OF the bisbase

The first and prominent symptom of the disease is the complete wilting of

the plant. Early in the morning one can see plants, which have suddenly and
completely wilted. From top to bottom every leaf droops down and it is a matter

for surprise that plants looking perfectly healthy are killed outright within a day.

Sometimes a wilted plant may recover during cool night, in wet weather or by
Irrigation, but this is very rare. Usually when once a plant wilts, there is no
recovery.

The suddenness of wilting is a characteristic feature of this disease.

Hants affected by root-rot can be easily pulled out of the ground. By
removing the soil carefully around the roots of freshly attacked plants, it has

been observed that except the tap root and a few secondary roots which hold

* This is a rough estimate and actual survey needs to be mad© and will be carried
out as soon as an opportunity arises.

. j

'
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tlie plants in the soil, all other roots are decayed and detached. The disease

actually starts mncli earlier and the above-ground manifestation of the disease

ill tlie form of wilting is, th^efore, a very late symptom. The tip of the root

of a freshly wilted plant is slightly moist and sticky to the touch. On a. white

surface it leaves a yellowdsh stain. The hark tissue is much shredded. On some

freshly wilted plants the yellowing and shredding extends above the terminal

portion- Plants that have recently succumbed to the disease have all their

root tissues, particularly the bark, broken down into shreds. The central woody
cylinder is not affected within but turns golden yellow in colour on the surface.

In badly affected plants the wood also becomes brown or black. A plant showing

typical symptoms of the root-rot disease is shown in Plate XXI, fig. L Plate

XXI, fig. 2 shows the root-system of the same plant magnified.

Underneath the bark, there is a deposit of yellowish substance of granular

nature. The lumen of the wood vessels is filled in several cases with yellow

granular material. The shredded bark is found to contain fungal hyphae and
these have sometimes been observed even in the xylem vessels.

I

In Texas the root-rot is caused by the fungus PhymaiotricJium omnivoruni,
originally described by Shear [1907] as Ozonium omnivorum, but later assigned

to the genus Phymaiolriclmm by Duggar [1916]. It makes its appearaace when
the squares are being formed and seldom earlier. The Gujerat root-rot is at its

height during the flowering and boll developing stages- The Punjab root-rot

appears when the plants are about two months old and so is much earlier and
almost ceases during the flowering time. Taubenhaus and Killongh [1923]
mention that the strands of Phymatotrichwm, omnivorum, the causal organism
of Texas root-rot are seen covering the epidermis. In the Punjab also fungal
hyphae have in certain cases been seen on the surface of the roots. Phymuto-
trichum ommivorv/m, the Texas root-rot fungus, attacks a great variety of crops.
It is still a matter for investigation whether Punjab root-rot fungus can infect

other plants.

Cotton is known to suffer from root-rot in the U. S. A. It is also reported

from various other cotton-growing tracts of India. Although the Punjab root-

rot of cotton resembles the Texas (U. S. A.) and the Gujerat (India) root-rot in

some respects, it has distinct characters of its own. The suddenness of wilting,

destruction of the major portion of the roots, yellowing of the tissues and shred-

ding of the hark are common characters. When once a paint wilts, it seldom

recovers and the leaves of plants attacked by root-rot hang down over the branches

and remain attached for some time. Peltier [1926] records that in the Texas
root-rot, there is bronzing or yellowing of the leaves about 24 hours before wilt-

ing. This has not been observed in the Punjab. In Gujerat the sclerotia of
Rhizoctonia are found in abundance within the hark and the fungus can be readily

isolated [Likhite, 1934]. In the Punjab, sclerotia have been observed in rare

cases.
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III. DetELOFSIEKT OF THE DISEASE

With a view to studying the cause of the disease, a number of cotton plants

in rows showing diiFerent stages of root-rot symptoms along with apparently

healthy plants were fastened together by means of cords. The ends of the cords

were tied to vertical sticks at each end of the row. Trenches about 5 feet deep

were dug on either side of each row and care was taken that none of the lateral

roots were damaged. Then the soil was removed around the roots and most

of the larger roots were thus exposed for examination in the 2nd week of August.

As the plants were tied up, they did not fall over.

The results of the examination of roots thus exposed are given below. The

plants showing the effect of root-rot at different stages are grouped separately :

—

Grou^ I. (6 plants).—^All parts healthy ;
tap root and lateral roots ail

soimd. No fungal mycelium visible on the roots. In two plants,

however, slight yellowing of the roots was observed.

Group IL {2 plants).—^All shoots healthy ; tip of the tap root infected and

rotting; lateral roots healthy; white mycelial, strands visible on

several roots.

Group III. (2 plants).—All shoots healthy ; tap root rotten about 6-8 in.

;

brown in colour ;
soft ;

bark shredding ; lateral roots slightly yellow.

Group IV. (2 plants)*—Shoots wilted ; roots only slightly yellowish.

Group F. {6 plants).—^Wilted for 2-3 days ; leaves drooping,

() (2 plants).—Tap root soft
;

yellowish material exuding ; tap root

infected
;

lateral roots also sHghtly yellowish ; bark not peeling

off.

() (2 plants).—^Tap root infected ; brownish in colour about two feet

above the tip
;

yellowish material exuding ; tap root rotting and
soft.

(c) (2 plants).—Tap root rotting; brown and yellowish in places;

lateral roots showing symptoms of yellowing.

Group VI. {S plants).—^Wilted and dead for 7-10 days
;
wilted leaves hang**

ingon.

() (1 plant).—About 12 inches of tap root rotten ;
bark shredding, yellow

to dark brown in colour ; bark of the laterals peeling off and some
rotting

;
yellowish liquid exuding from large laterals.

() (2 plants).—^Tap root infected and rotting over 6 inches length ;

central cylinders brown ; bark around this point yellow on the

inner side; yellowish material exuding; laterals yellowing and
bark peeling.
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(c) (3 plants).—Whole of tap root (27 inches) rotting and yellow ; tip

of the tap root brown and infected ;
lateral roots yellow and

soft.

(d) (2 plants).—Tap root infected and brown ;
soft and rotting ; laterals

and tap root all showing yellowing and shredding.

IV. feCIDENCE OW THE DISEASE

To study the incideuce and progress of the disease from week to week, certain

plots in the Botanical area and Agricultural Farm at Lyallpur in which the

disease is known to occur year after year were kept under observation for two

seasons. The actual position of the infected plants was marked and the rate

of progress of the disease was recorded. Similar observations were also made at

Hansi and Montgomery.

Observations at Lyallpur indicate that the attack starts when the cotton

plants are about six weeks old. The disease first appears in June. Within a fort-

night the maximum percentage of attacked plants is reached. It, however, con-

tinues to be vigorous throughout July. In August the rate of death of plants

gradually declines and the disease almost ceases hy the end of September. Figs. 1

and 2 show the progress of the disease in a certain plot at Lyallpur during 1932

and 1933, respectively.



STODiSS dKt ^H]£‘HOOT,-RO'r 'BISEASB 'Oi? 'GOTTO#:'^' ::- soi

Mortality of plants dne to root-rot, 1932



INmAN JODKNAI, OP AGMCOLTORAL SCEBHOB



STTOISS OK THE BO0T-RO2? DISEASE OF COTTOH 503

Similar observations were made at Hansi and Montgomery. Tbe results

obtained at Hansi were identical with those of Lyallpnr. But at Montgomery

the disease appeared a little later and the optimum attack was delayed till the

first week of August. Table I shows the mortality due to root-rot in some

severely affected plots under observation at Lyallpur and Montgomery in 1933

«

Table I

Mortality dm to root-rot at Lyallpur and Montgomery in some severely affected

plots

Date of observation Lyallpur Montgomery

Total No. of Per Total No. of Per
Month Week No. of plants cent No. of plants cent

plants killed
.
attack plants killed attack

r 1st 1,677 63 3*76
2nd 1,614 102 6-31 • • • •

June . , •

<

3rd 1,512 93 6*17 .

»

• • « 0

1 4th 1,419 138 9*72 1,067 21 1*96

r
1st 1,281 120 9 '37 1,046 79 7*55
2nd 1,161 95

' 8*18 967 85 8*79
July . . . 3rd 1,066

1

93 8-73 882 89 10*09

1 4th 973 35 3* 60 793 89 11 •22

r 1st 938 17 1*81 704 90 : 12*78
2nd 921 9 0*97 614 65 10 *.59

August 3rd 912 4 0*44 549 38 6*92

v 4th 908 6 0*66 511 30 6*87

1st
' 902 13 1*44 481 16 3*33

2nd 889 7 0*79 465 12 2*58
September . . < 3rd 882 2 0*23 453 8 1-77

4th 880 0 0 445 6. 1*35

It is clear from the above that in. the plot under observation at Montgomery,
out of the total of 1,067 plants at the beginning of the season, 632 succumbed
to the disease showing a loss of 59-2 per cent. At Lyallpur the damage was
47-5 per cent. These two examples illustrate the ruinous damage in severely
affected areas.

Y. ISOLATIOK OF THM CAUSAL OBOAKESM

In order to isolate causal organisms, material from different parts of the
root system of the diseased plants was cultured. The plants that had wilted
as a result of the disease were dug up and the earth warshed off the roots. Small
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X)ieces of tissues were dipped in mercuric chloride (I/IOOO) solution for 30-60
seconds. These were then given a thorough wasliing with sterile distilled water
and transferred to Petri dishes containing plain agar. As soon as the mycelium
grew from the transfers, inocula from these were planted on. Richards’ agar • Por
these isolations, diseased plants were obtained from various localities fe Lyall-
piir and neighbouring villages, Hansi, Sirsa, Montgomery, Sargodha and Khlnewal.
The total number of isolations from time to time went up to several thousands
The fungi thus reproduced were examined and it was observed that two species
of EMzoctonia appeared most frequently. For convenience these fungi will be
referred to as I and 22, (a). In addition, two strains of a appeared
frequently, either alone or associated with EMzoctonia sp, besides EMzoctonia
sp. an.d Fusarium, a species of Alternaria md HelmmtJiospprium appeared occa-
sionally. Some saprophytic fungi were also found.

When the wilted plants were kept in a moist chamber overnight, a cottony
white mycelium broke through the root tissue and appeared on the^urf^^A
abundance. This fungus was also found to be one of th© above-mentioned
EMzoctonia

. It may be mentioned that Butler [1918] also isolated JRh(izoctonia from roots
of cotton plants attacked by root-rot in North-Western India. ^

VI. iDENTmCATION OF THE ETJNGI

Bhizoctonia sp. I is a strain of Rhizoctonig, solani Kubii group It seems
to differ from all other strains described so far.

RUzoctonia sp '. 22 (o).-^This fungus is rather problematical. The seelrotial
and hyphal characters are much like those of Bhizoctonia ba^icola hut no strain
of it is known which produces so much white aerial mycelium, if ig suggested
that it may be called Rhizoctonia bataticdla provisionally, as it is perhaps a saltant

The two lusaria (A and B) that were isolated have also been identified
' aiid are strains or * Forms ’ of Fusarium solani (Mart.) App, and-Wr In the
case of strain B, macroconidia are in definite sporodochia. Strain A "does not
produce macroconidia in definite sporodochia but is mixed with microconidL
on the aerial, mycelium. Moreover, macroconidia of strain A are broader th
those of strain B,

^— ^ VIL The CAHSAL OEGANISM

The various fungi isolated were tested for their parasitism on cotton nla t
of different ages growing in the fields as well as in pots under field and controlled
khoratory conditions. Inoculations were m8,de by various methods which ar^
discussed fully elsewhere, fn Table II are given results of one of the Wnical sets

,
of experiments carried out with plants in pots,
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It is clear from Table II that BMzoctonia sp. I and 22 (a) reproduce the

disease* In the ease of Fusarium A and B wilting of inoculated cotton plants oiico

obtained was not typical of root-rot and other characteristic symptoms, e,g.,

shredding and peeling off of root bark were also absent.

All the remaining fungi isolated were also included in the above pathogenicity

testsj but they failed to produce infection or any symptoms of the disease,

Thronghout these experiments controls were kept side by side, i,e., the plants were

given exactly the same treatment as the ones inoculated, with the only exception

that no fungal inoculum was added.

As the tw^o species of Mhizoctonia ai)peared most frequently in isolations from

diseased material and successfully reproduced the disease, these were selected for

further study. .
^

^

^

^

^

VIII. MaTEEIAL AFB METHODS

Only two varieties of cotton, namely, Desi Q. indicum var. (Mollisoni)

"

and

American {4-B) were used for inoculation i)urposes throughout the in\^estigation.

The plants were raised in pots, containing sterilized soil, kept under normal field

and controlled laboratory conditions. For field inoculation experiments, the crop

was grown in rows 3 feet apart in plots, where root-rot disease had not appeared

previously. During winter season the plants were grown in jars kept in hot

water tanks maintained at the desired temperature, glass house and a special glass*

walled chamber, which was fitted with an electric thermostat and heating bulb

to provide the necessary temperatme. During exceptionally cold nights the

chamber was covered with felt blankets. The ebamber was kept in a verandah

where plenty of bright diffused light was available to the; plants. For inoculMion

purposes both mass infection and single plant infection were tried. The souito

of inoculum was added either in the form of rots of freshly wilted plants due to

root-rot, or pure cultures of the fungi, growing on sterilized’^ cotton roots, paddy

or nutrient agar,

IX. Infection bxfeeiments

Preliminary infection experiments wore carried on Both in the field and in

pots with all the fungi that had been isolated.

Two methods were employed for the infection experiments in the field.

(1) individual plant inooulation and

(2) mass inoculations.

j
Inoculations were made by direct infection (using the roots of diseased jjlants

as the source of inocula) and pure culture infection methods.

^To obtain thorough sterilization it was found necessary both in the caso .of coituu

roots and paddy to give three 20-minutes steam-sterilizationB at 15 lbs. pressure on

. alternate days.
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The roots of plants were exposed carefully to a depth of about eight inches and

the inoculum was placed parallel to the tap root and in places in actual contact

with laterals. Sterile moist cotton wool was applied with the inoculum to keep

it moist. The soil was replaced and the plants were watered freely. Controls

were treated simiiarly except that no inoculum was added.
.

In the preliminary inoculation experiments, tests were made with the different

fungi isolated, l)ut none of the plants developed any obvious signs of root-rot.

In a few cases, however, where the plants were inoculated with either of the

Bldzoclonia sp,y though they had perfectly healthy appearance, some of the roots

were affected and showed characteristic shredding of the bark tissue. Prom such

roots the BMzoctonia sp. were readily isolated. These experiments were carried

out late in the season and possibly the plants bad outgrown the stage of infection.

Infection exporimenta were repeated with plants growing in pots using pure

fungal cultures on nutrient agar as source of inoculum, hut without success.

A number of further preliminary experiments w^e conducted, but the

rnctliods of inoculation were modified in a number of ways in order to eliminate

certain factors which might be responsible for the failure of these infection trials.

These experiments will now be described.

In the normal method of inoculations the fungal inoculum was introduced

near the root and covered up with soil and watered. Under these conditions it

was thought that accumulation of carbon dioxide or .scarcity of oxygen might be

the cause of failure to reproduce the disease. These factors were, however,

ruled out by the observation that no attack took place when openings were made

in the soil and the fungus was introduced close to the roots and those openings

maintained and plugged with sterile cotton wool.

Tramplanting method.-—Cotton plants were grown in pots containing sterilis-

ed soil and when they were of the required age they were removed from these pots

by washing out the soil with a fine but powerful Jet of water, taking care so m not

to injure the roots. These were then given a thorough washing in sterile distilled

water and transplanted singly in glass jars containing sterile soil. The jars were

fitted with corks having a hole (one cm. in diameter) in the centre and with one

radial slit. The plants were put through these slits quite easily without injuring

any of the roots. Sterile water was then added and the jars kept in a glass house

during the summer and in hot water tanks (30-33° C,) during winter months.

After about a weak to ten days when the plants had established their

roots, the soil from the top was removed carefully by means of a scalpel, inocu-

lated with pure culture of the fungua’'on paddy and covered up with the soil that

had been previously removed. Controls were treated similarly but in place of

infected paddy, only sterilized paddy was introduced. The transplanted plants

that did not look healthy were discarded before inoculation. ;

^

ii2
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^

III anotlior series of exporiments the plants were transplanted into -.glass

bottles that, contained soil infected with cultures of different tiingi on paddy.

Results of four inoculation experiments carried out by transplanting method

are given in Table HI. IHiring all these experiments, plants of .MolUsoni variety

of cotton %verc iised. .

Table III

BesuUs of inoculations carried out hy transplanting method toitli different fmigi

Date of

Age
of

Inoculation with
Jihizodonia %p.

1.

Inoculation witli

Ilhizoctonm sp.

22 {a).

Inoculation
with

Fusaritmi A

Inoculation
with

JFuSarkmi B

Iiioeiilatiott OhsfTvation

plants
in

weeks No. No.
inocu- infect-

la ted
i

eel

Percent
ago

infec-

tion

No.
inocu-
lated

No.
infect-
ed

Percent-
age

iofee-

ion

No.
inocu-
lated

No.
infect-

ed

No.
inocu-
lated

No.
uif(y*t-

ed

2St.h Nov. 1932 5tli Dec. 1932 8 4
: ,

4 1(K)'0 4 e 50*0
, 4 , 0 4 0

tOfcfi Dec. 1932 15th Dec. 1932 10 0
:

3 50*0 4 0 O’O 5 0 4 0

5th April 1933 8th April 1933 fi.7 i

.'

5
'

;

. 5. 100*0 5 ^

8 60*0 4 0 0

2lst April 1933 Ist May 1933 ’’

-
i

4
.

j

4 100*0
1

3 2 66*6 2
»

i

3 0

Plate XXI, fig. 3 shows plants which had been transplanted and later inocu-

lated \vith sp- I and 22{a). The inoculated plants showed wilting,

whereas the checks looked healthy and remained sound.

The plants inoculated with the two Rhizoctmiia species produced character-

istic root-rot disease.

Inoculations with the tw'o forms of Ftisarium aolani and species ofHelmmtho*
sporimi and Alternarla were imsuccesslhl. Controls always remained healthy.

In the first two experiments in Table III, the plants were transplanted and
allowed to establish their roots and then inoculated. In the remaining two ex-

periments the plants were transplanted directly into infected soil.

Root washing metliod.-^lw another Bories of experimentB roots of the cotton
plants of different ages growing in pots were exposed by washing off the soil around
the roots up to a depth of about four inches. The fungus grown on paddy was then
introduced, covered up with sterile soil and watered freely. Controls were treated
similarly except that no inoculum was inserted. As far as possible aseptic con-
ditions were maintained throughout the course of these experiments. Easiilts
of fourteen such inoculation experiments are given in Table IV.
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Table IV

Results of inoculations, carried out in pots hy root uxtslimg weihod

Cotton plants

i

1

i

Inoculated with
RMzoctonia sp.

Inoculated with
JtMzoctonia sp, 22 {a) Inoculated controls

Variety Age !

(weeks)

No.
inocu-
lated

No.
infect-

ed

Per cent
infeet-
tion

No.
inocu-
lated

No,
infect-
ed

Per cent
infect-

tion

No.
of

controls
No. infected

MoUUoiti tt » » 2 23 2
'

8-70 20 3 15*00 11 AU healthy.

4-F . . 3 11 X 9 '09 12 11 91-66 9

4-.P . . 13 3 23*07 11 9 81*81 11

MolUmni 14 11 78*57 15 5 33*33 12

• 4^
,

10 2 . 20*00 12 12 100*00 15 »

4*P . r»-|
1

11 1 2 18*18 10 1 10*00 11

MoiUimni 6 29 5 17*24 37 7 18*91 17

7 I 56 17 30*35 49 12 24*49 38

S
'

17
;

3 17*63 14 13 92*85 15

»»
i 8 12 1 8*33 23 5 21*73 12

91 15 ' 3 20*00 15 5 33*33 13
i J?

I

DC; 13 5 38*46 0 2 33*33 4

>» 1 11 13 2 15*38 6 5 83-33 6 53

. i ,

... 9
!

2 22*22 6 3 50-00 6 5»

Plate XXT, fig. 4 shows the wilted plants inoculated with RhizocAonia sp, I

an.d 22 {a) along with controls. Ro-isolatlons from the infected plants yielded

fungi with which the\^ were inociilate>d.

In further experiments along these linesj the pots were replaced by tin cans

with removable double bottoms, so that the roots for inoculation purposes could

be exposed by washing from underneath without disturbing the plants. Eesiilts

of two such 6xp€U*imentB are summarised below :

—

Fungus
Total
plants

inoculated
Total

infectcil

1

Per cent
- infection

'

Rhizoetoniu .sp. I . ,

'

23 4 17-30

Bhizo€tQnm:S'p, 22 (a) 27 16 ' 5'9-26,,:,

Controls , . . * . , , . so 0
' '9

L—

—
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Soil Sterilized soil was infected tlioimigMy with pare oultums

of the fnn^. Pots were fiiled with this soil and cotton sown in these. In the

ease of controls, no infection was added. Good germination and growth was

obtained in control pots as well as those in which tlie soil had been infected with

MMzodonia sp. 22 (c^),. while in the case oi RhizocJonia sp^ I, the seed^ failed to

germinate. Such seeds were found to be rotting and MMzoetonia sp^ I was readily

isolated. Some germination, however, was obtained on third attempt at re®sowing

of these pots. Plants in these pots were kept undei* observation for over threes

months and throughout this period, plants of different ages wilted from time to

thne and produced typical root-rot symptoms.

The fungus originally introduced was isolated.

To overcome the difficulty of poor germination due to rotting of the seed, the

nicthod of soil infection was modified as follows :

—

The pots were filled to one4hird of their depth with sterile soil, a layer about

tlirefi inches in thickness of soil infected with pure cultures of tlie fungi was added

and the rest of the pot filled with sterile soil. The o]>ject in view was tliat the

seetUings should get a start before their roots passed into the in footed zone.

Inoculations along those lines Were carried out on a large scale and the

disease was successfully reproduced in the pots which contained soil ijifected with

the two RMzoctonia species whereas the controls remained healthy.

Inoculation experiments in the Trenches about three feet deep were
dug along the rows of plants to be inoculated, taking care so as not to injure the

roots. The roots of these plants were exposed by washing with a powerful spray
hose. Pure cultures of the fungi grown on paddy were then introduced close to

the roots an.d the trenches filled up with the soil that had been previously removed.
The roots of plants in control rows were similarly exposed and covered up, but no
fungal inocula were added.

•To ensure that the wilting was due to the fungi with which the inoculations

were carried out, re-isolations were made frequently and the fungi introduced were
recovered.

‘

• Inoculation experiments in the field were carried out both with American
(4-F) and Desi {Mollisoni) cottons using plants of varying ages. Results of five

such experiments are given in Table V, wliich shows that the two species of
llhhocionia are highly parasitic in nature.
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Plate XXll, %. 1 showfct rows of plants wiiich had wilted ivs result of iiiooula'

tiuiis with RMzoc^onia soluni (I) and Bhizocfonia haiaiicola 22 (a). The rows of

coiiirol plants are seen on tiio extreme right.

Plato XXII, fig. 2 shows an entire i)lant which liad wilted due to inoculation

witti Mhizoctonia sohni (I). Affected roots of tlio same plant are showm in Plate

XXII, fig. 3,

Inoculations wnth Ehizoctonia hataticola 22 {a) produced siniihu’ symptoms.

The author wishes to thank Professor Mai Sahib Jai Chaiid Luthra for the

keen interest and helpful suggestions throughout the course of this work. Thanks
are also due to Mr. 8. P. Ashby of the Inii)eriai Mycological Inst-itute, Kow, for

help in iho identification of the fungi.

X. SUMMAllY

1. fJottoii root*rot is a very serious disoa.so in. the Punjab. The damage
caused ia estimated at Ea. 15,76,000 annually.

2. iSym[>toms of tlie disease are deaeribed.

Ih The dise<kie first appears in June and continues to bo vigorous during July.

Ill August tlie attack slows down and almost ce<ises by tlie end of September.

4, Several organisms were isolated from the diseased plants md inoculation

experiments <!arricd out in tlie pot» as well as in the field by various methods.
Ehizocfonm mlan i and another fungus, which is provisionally (‘allod RUzoctonia
bataticola^ have been proved to be the (causal organisms.
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Rows of cotton plants which, had wilted as a result of inoculation with Rhizocioma

species I and 22 (a). Two rows of control plants are seen on the right.

A cotton plant which had wilted on being

inoculated with Rhizoctonid sp.

Fig. 3. Roots of 4 F cotton plant inoculated with

jRhizoctonia sp. I.
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I. Introduction

The property for which the chilli crop is principally grown in India is tbe

pungency of the pods. This pungent property is due to the presence in the fruit

of a substance, called capsicin.

Pungency according to our investigations and those of Webber [1911] is

definitely a heritable character. The degree of pungency, however, is found to

vary considerably with soil and climatic factors, Erwin [1932] also maintains

the view that the soil and climate considerably influence the degree of pungency of

the chilli pod.

With regard to the mode of inheritance of this important character the results

of the investigations of Webbor [1911] show that the inheritance of this character

is determined by a single factor. These results agree v/ith our observations which

also indicate that this character is monogenic.

II. Material AND method

For the purpose of these investigations two Pusa types isolated by Shaw and
K-han [1928], and since maintained pure, were selected as parents. Type 14 is.
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iioii-pinigeixt while type 29 is pungent. The criterion of pungency was observa-

tion by taste by four independent workers. The crosses were attempted in. the

year 1928-29. A few fruits were obtained with type 29 as female parent but

the reciprocal cross failed^ and even in subsequent years this reciprocal cross was

not suceesbful.

The morphological characters in which the two parents differ are (1) the calyx

enclosing or not enclosing the fruit-base, (2) the number of locules in the fruit, and

(3) the fruit-apex, lobed or pointed (Plate XXTII). The inheritance of the first

character had previously been studied in detail [Deshpande, 1933] in another

cross and the character found to be monogenic, ^ calyx not enclosing fruit-base
^

being dominant to ' calyx enclosing fruit-base \ This character in the present

cross was found to behave in the same way as in the previous cross and hence is

not dealt with here at length but has been considered with pungency to see if

any linkage exists between these two characters. The other two characters

showed variation in the same plant in (Plate XXIII) and Eg their inherit-

ance study had on this account to be dropped. Similar variation was observed in

the previouvS cross [Deshpande, 1933] in the number of locules in fruits of the

same plant in Fg on which account this character was not further studied.

In Fg and Fs the plants were classified into two groups only, as ' pungent
’

or 'non-pungent ’ by actually tasting the fruits, though various degrees of

pungency were suspected. This method was very trying and slow and it was
impossible to examine more than about a dozen plants at a time. The free use of

water and cane sugar helped to remove the pungent taste from the mouth but-

after tasting a very pungent fruit it was never possible immediately to diagnose

correctly a less pungent fruit as ' pungent ’ or a sweet fruit as ^ non-pungent
The doubtful cases had to be gone over again. In order to reduce the personal

error the ‘‘ tasting '' was performed by four members of the staff and each diag-

nosis of pungency was made on these four independent observations. Due to

these difficulties, it was not possible to examine the entire Fg population, which
numbered over 500 but we had to be limited to about 270 plants—which, for a
monohybrid segregation, is a sufficiently big population. When this population

was finally examined and classified the finits of a few ' pungent ’ and ‘ non-
pungent ’ plants were plucked at random and given for tasting to people who had
not taken any part in the classification of the Fg population. In every case the

original diagnosis was confirmed. In F^ all the plants of all the different cultures

were examined.
III. Fi GENEBATION

The Fi generation was grown in the year 1929-30 and consisted of 16 plants.

The fruits of these plants were pungent but decidedly less so than the fruits of the

pungent parent, type 29, thus proving that pungency is dominant (partially) to

non-pungency. Out of these sixteen Fi plants six were taken at random and
seifod to grow the Fg generation.
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IV. FaGBNEEATION

The Fa generation was grown in the year 1930-31 and had a total population

of over 500 of which the first 272 plants were examined and classified. The

results are as follows :

—

Pungent
|

fruited
|

plants

ISTon-pungent
fruited

plants
Total

Total observed. . . 202 70 272
^

Total expected on 3 ; 1 basis 204 68 272
Batio observed . . - i

2*97 : 1*03

Ratio expected . . •
;

3 : 1

P. E. ~ 4-Sl
~

The fit, therefore, is very good.

^ V. TkEOET

The above monohybrid segregation can be explained by assuming that C is the

factor which is responsible for the production erf pungency (Capsicin) in the ehilM-

fruit and that when C is absent the fruit remains sweet or non-pungent.

The genetic constitution of the parents and the Pi should, therefore, be as

follows:

—

Type 29 CC—^Pungent

Type 14 CC—^Non-pungent

.
Type 29 X Type 14 Fi Cc—Pungent (partially)

The Fa segregation should be on the mono-hybrid basis as follows :

—

CC Cc «?e

1 ; 2 : 1

3 Pungent : 1 Non-pungent

This result is realized in Fa

VI. Pj GENERATION

The Fj was grown in the year 1931-32. In all twenty Pg plants were carried

rto the Fg generation, and the behaviour of these in Fg was as follows :

—

iSTo. of cultures in Pg and
nature of parent plant

in Fg

Constitu-
tion

of Fa
genotypes

Breeding
behaviour

inFg
,

Frequencies

Observed:
|

Expected

15 cultures from pungent
fruited plants cc Pure

Cc Pungent FTon-pungent
3 1 10

5 cultures from non-pungent
fruited plants . . cc Pure .

.. 5
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The observations, therefore, confirm the segregation on a mono-hybrid

basis.

1^11. InHEEITANOB of pungency and the nature of calyx, enclosing OB NOT
ENCLOSING fruit-base WHEN BOTH ARE CONSIDERED TOGETHER ON
DI-HYBRID BASIS.

It was ascertained in the previous investigations [Deslipande, 1933] that this

calyx character behaves as a simple Mendelian character, " calyx not enclosing

fruit-base ’ being dominant to ‘ calyx enclosing fruit-base ’ and the Fg
observations in the present study confirmed the original results.

Considering the segregation of this character together with pungency, which,

also is a mono-genic character, we get the following di-hybrid segregation in Fg

Fruit
pungent,
calyx
not

enclosing

fruit-base

Fruit
pungent,
calyx

enclosing

fruit-base

1

j
Fruit
non-

pungent;

1

calyx not
enclosing

fruit-base

Fruit
non-

pimgent,
• calyx
enclosing

fruit-base

Total

Total observed . 134 49 63 17 253
Total expected on 9 : 3 : 3 : 1

basis . . 142*2 47*4 47*4 16*8 262-8
Ratio observed . . 8*84 : 3*10 : 3*36 : 1*08
Ratio expected . . . 9 : 3 : 3 : 1

X^= 1*27 and P=0*739
The fit, therefore, is good.

The above results clearly show that these two characters, pungency of fruits

and calyx enclosing fruit-base, both of which have been eontributed by one of the
parents, type 29, are not linked but segregate independently.

VIII. Summary and conclusion

(1) Pungency is definitely a heritable character. The degree of pungency^
however, is found to vary considerably with environment such as soil, climate,

manurial treatment.

(2) The genetic results show that pungency is a simple monogenic character

dominant to non-pungency and is determined by a single factor which we hare
termed C.

(3) « Calyx not enclosing fruit-base/ has been found to be dominant to
* calyx enclosing fruit-base ’ on a 3 : 1 basis.

(4) Both pungency and the nature of calyx, when studied together, have
been found to segregate on di-hybrid basis each quite independently of the other.
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The term phyllody is applied to a condition in plants wherein the floral

organs are transformed into leaf-like structures. Phyllody is present every year to

a greater or lesser extent in til {Sesamum indicum DC.) at Pusa and in some years

as much as 15 per cent of the crop may be affected. As phylloid flowers do not

set seed, phyllody, if present in appreciable proportions, naay materially lower

the yield.

Litebature

That phyllody may be a disease of til seems to have been suspected as early ag

1928 by Robertson [1928] in Burma where it is known as the Phothe or green

flowering ’’ disease. He stated that in certain districts as much as 80 to 90 per

cent of the plants may be affected, the symptoms manifesting themselves only

in the flowering stage when the floral organs are changed into green leaf-like

structures, accompanied by abnormally abundant branching.

Deighton [1931] observed a chlorosis attended by mottling and curling of

leaves together with, enations on the lower surface and inhibition of flowering in

Sesamum radiatum, and Wallace [1933, 1934] reported a leaf curl ” which he

considered to be a virus disease on S. indicum^ bnt it is doubtful if the disease was

phyllody. Storey [1933] whilst presenting no proof, considered the '' green-

flower ’’ disease of {S. indicum) to be also a virus disease but that he

was referring to phyllody is apparent from the appropriate name by which the

disease is designated. The '' sepaloidy ’’ in til reported by Kashi Ram [1930]

and Roy [1931] is also, in all probability, phyllody. The former attributed the

occurrence of the phenomenon to disturbed physiological conditions induced by

early sowing and heavy rainfall. The second writer has not hazarded any opinion

to the cause of the abnormality.

(
617 )
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Morphology

Affected til plants bear flowers wherein all the floral members except the

stamens are either transformed into leaf-like organs or show a definite tendency to

become leafy (Plate XXIV, figs. 2 and 3). The stamens retain their normal con-

figuration but rarely contain functional pollen. In consequence of these

changes the fertility of the plant is reduced and complete sterility may result.

The present observations are based on two til crops raised in the Botanical

Section at Pusa in 1933 and 1934 respectively. I hylloid plants caimot be distin-

guished from normal ones with certainty until flowering begins, about 4-5

weeks after sowing in early varieties, and 5-7 weeks in late varieties. Phyllody

may begin with the first flower in which ease all subsequent flowers on the plant are

phylloid or the change may occur later in the ontogeny in which event the first-

formed flowers will be normal. In the latter type, phyllody manifests itself

simultaneously at the tips of the main axis and the branches and in the new
growth from the base so that it is not uncommon to see plants which bear capsules

in the middle region but are phylloid at the extremities and at the base. No cases

were encountered, however, in which some branches of the plant bore normal

flowers exclusively and other branches, phylloid flowers
; or in which the first

formed flowers were phylloid and later ones normal.

Phyllody is always accompanied by a shortening of the upper internodes so

that the abnormal flowers are crowded together and by a diminution in the size

of the foliage leaves (in the floral region they are often lighter in colour)
; the

zygomorphy which is well marked in the normal flower is lost and the phylloid

flower, whether gamopetalous or polypetalous, is radially symmetrical. Glandular

hairs are present on almost all parts of the sesamum plant but in the case of plants

exhibiting phyllody these are found to occur as well in regions where they are

normally absent, i.e., the filaments and connectives of stamens, the style, stigma,

inner surface of carpellary wall, and ovules. In the case of varieties which

normally develop only one flower in the axil of each leaf (some varieties bear 2-3),

the orange-yellow glands present on either side of the base of the flower stalk are

replaced by small and phylloid, lateral, flowers, resulting in three flowers per axil.

The principal changes occasioned in the different parts of the flower, in

phyllody, are briefly described below :

—

Calyx {Plate XXIV, fgs, 1-4),—The normal calyx is green, gamosepalous, 5^

partite, the segments being more or less linear, entire, with acute apices. In
phylloid flowers, a complete division of the calyx tube occurs, resulting in a poly-

^palous calyx. The five sepals thus produced are sessile (occasionally sub-sessile),

lanceolate or ovate-lanceolate, entire, with acute apices ; they are rather leaf-

like in appearance but are niuch smaller and possess a simpler configuration than
foHage leaves. The venation is characteristic, the 3-7 primary veins being thick-

ened and prominent, The internal structure of the phylloid sepal is similar to







, 13 . Normal ^’’
'

14-20 . Modifications of ovary in pkylloid flowers, • m - . •

Kgs. 14, 15, and 17,,^,x^);;.l$,.l&. and 20 /x2) 16, ,(1 nat. .^zd). ^ ,
.

21. Shoot arising from .centre- of phylloid flower and’ beaxii^ ^‘sefion^ry”

phylloid flowers. ~ (f, nat.,.,siz^).
..

^

22. T. S. normal ovary, n=oynle. (xlfl),,
„ i a,,!,,!.,.- and Htomahi., ami

23. T. S. abnormal ovary. g=glandnl^r bajr, o=siputgr<^y;th .^repl^(|i^,

ovule. (xlS) j,, ^
^ of the oiMb'ltiwt d

24. Outgrowth (o) in Fig. 23 enlarged to^shoyy lack of difierentiat^pn.
^ j.

j

,,

g==glandular hair, p=parenchyma, v=vascular strand.- '

.

' ’

25. Part of placenta from phylloid flower shoynng ajmqmal outgr^^
_ ]«fjX -*.7/7
[
4.

produced in place of ovules,
,

( X 7)
i-xmi Md Hi tine am
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that of a foliage leaf but the venation i« multicostate instead of being uni-

costate' as in, the- latter.

Corolla [Plate. XXIV, figs, PS, 5),—The margin of the corolla, or the whole of it^

becomes green according to whether the phjllody is partial or complete; the

surface is often rm.igh, due to the veins being unusually thickened. Actinomor-

phic symmetry is acquired aiid the gamopetalous condition may be changed to

^ polypetalous one. Phylloid petals are similar in external appearance and
internal structure to phylloid sepals except that the apices are rounded.

Androecium (Plate XXIV, figs. 6-12).—The stamens in the normal flower are

four in number, epipetalous and didynamous. In the majority of abnormal
flowers a fifth (anterior) stamen is developed and in completely phylloid flowers

the stamens are no longer epipetalous (Plate XXIV, fig. 12). Though the stamens

retain their normal configuration through all the stages of phyllody they are

generally much smaller than normal ones and the anther lobes are usually re-

flexed. The whole stamen is green in colour.

In normal stamens there is a short connective and four pollen sacs, and
the endothecial layer of fibrous banded cells which helps the sacs to dehisce is well

developed (Plate XXIV, fig. 8) ; the pollen grains are dark-brown in colour, about
83—90 long and 77—S^ (x broad. In phylloid flowers, the region of the connec-

tive is much broader, the epidermis shows a few glandular hairs and stomata, and
the outer 2-3 cell-layers of both the connective and the pollen-sacs contain ehloro-

plasts. The most distinctive feature, however, is the absence of the endothecial

layer: this explains why the anthers do not dehisce. The cavity of the pollen-

sac is greatly reduced by the excessive growth of parenchymatous tissue and is

either empty or contains a few small (about 39—42 y. long and 33—39 y. broad),

light-coloured, non-functional pollen grains in which the exine and intine are not
dijfferentiated.

Gyncecium (Plate XXV,figs. 13-25).—The chief modifications are (1) an enlarge-

ment of the ovary with the gradual loss of the style. The stigma may be trans-

formed into two flattened, greenish structures. The ovary may become flattened

and the veins of the carpellary wall are much thickened. (2) The gradual trans-

formation of the carpellary wall to two foliaceous structures. In a few cases

the latter are very similar in general configuration and venation to young foliage

leaves but in the majority of cases a midrib is lacking and they are more like the

phylloid sepals or petals.

The ovules are invariably non-functional in phylloid flowers. In the earliest

manifestations of phyllody, a number of outwardly normal capsules may be pro-

duced but in these the ovules are replaced by parenchymatous outgrowths bearing
glandular hairs. Often, however, small leaf-like structures are produced in place
of ovules and in some cases the placenta forms a central axis on which such leaf

like outgrowths are borne. In a few extreme cases, a central shoot grows out of
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the middle of the flower, bearing phylloid flowers after the maimer of the main

inflorescence. These “ secondary ” phylloid flowers may in their turn give off

shoots carrying “ tertiary ” phylloid flowers ; such eases, however, occur ex-

tremely rarely.

Flowers from 20 affected plants could he classified into the following nine

classes :

—

1. Sepals leaf-like ;
corolla gamopetalous and green at margin; ovary

enlarged ;
ovules non-functional.

2. Sepals leaf-like ;
corolla gamopetalous, green ; ovary enlarged

;
ovules

non-functional.

3. Sepals leaf-like ;
corolla gamopetalous, green ; ovary partially leaf-like ;

ovules leaf-like.

4. Sepals leaf-like; corolla gamopetalous, green; ovary and ovules

leaf-like.

5. Sepals leaf-like ;
corolla polypetalous, green ;

ovary partially leaf-like ;

ovules leaf-like.

6. Sepals leaf-like; corolla polypetalous, green; ovary and ovules leaf-

like.

7. Sepals leaf-like ;
corolla polypetalous, green

;
ovary leaf-like

;
ovules

absent.

8. Sepals leaf-like ;
corolla gamopetalous, green ;

ovary leaf-like ; ovules

absent.

9. All parts except stamens leaf-like, crowded together in no apparent

order.

The largest frequencies occurred in classes 6 and 9. None of the 30 Pusa

sesamum types was found to be free from phyllody.

Cause

In an attempt to throw some light on the cause of phyllody the influence

of the following factors on its incidence was investigated in 1934 : (1) time of

sowing, (2) heavy manuring, (3) excessive humidity.

(1) Time of sowing ,—To test the influence of this factor five sowings of two

early til varieties (Pusa Types 3 and 7) were made at intervals of one week,

starting from the 2nd August. The experiment was laid out in the form of rando-

mised blocks.

The percentages of plants showing phyllody found in the five batches of

sowings were 1*24, 1*58, 0*99, 0*26, 1-09 and 2*33, 1*73, 1*24, 0*34, 0*64, res-

pectively for Type 3 and Type 7. The numbers in the earlier sowings are defi-

nitely, though not significantly, higher than those in the later sowings. As it

is improbable that early sowing in itself can be responsible for the higher inci-

dence of phyllody, it seems that the conditions obtaining at that time were more





PLATE XXV!,



521PflYLLOBY : A POSSIBLE VIRUS biSEASE OF SBSAMUM

favouralfle for' its occurrence. If a pathogene be concerned then the
,

environ-

mental conditions at tbe time of tbe earlier sowings may bave been such as to

promote its development and spread. It must also be remembered that the earlier

the crop is sown, the longer it stands in the field, and, consequently, the longer/

it is exposed to possible attack.

{2) Heavy manuring *—Three treatments were tried, m2:., {a) Ammophos at

400 lb. per acre, (5) farmyard manure at 40 cart-loads per acre, and (c) control—

-

no manure. The lay-out was again randomised blocks. The variety used was
Type 7. No marked differences in number of phylloid plants per treatment

resulted.

[3) Excessive humidity *—Sowings of Type 7 were made in three batches

(at intervals of one week) in six lysimeters. Half the number of plants in each

lysimeter was watered and covered with mats at night in order to promote highly

humid conditions, this being done for a week, after the appearance of the first

pair of foliage leaves
; the other half which served as a control was kept uncovered.

In the day time, the mats were removed so as not to interfere with photosynthesis.

There were 21 effective plants in each plot (i.e., in each half-lysimeter). Out
of the total of 252 plants in ail the six lysimeters, however, only one exhibited

phyllody.

IkOOULATIOK AND ORAFTmO EXPEEimOT^^

Inoculation and grafting were tried to see whether phyUody might be due to

a virus. Forth© inoculation tests, twenty pairs of apparently normal plants were
bagged and kept under observation for some time to make sure that they really

were healthy. Pieces of phylloid shoots were then taken, washed thoroughly

with sterilised water, crushed in a sterilised pestle and mortar, and the extracted

juice injected by means of a hypodermic syringe into the stems of twenty plants.

The remaming twenty plants which served as controls were injected with the
same quantity of sterilised water. All the forty plants remained normal. As
only one method of inoculation was attempted, however, it cannot be concluded
that juice transmission is impossible.

At the same time as the above, six pairs of plants, each pair consisting of a
normal and a phylloid plant, were taken and reciprocally grafted, i,e,, the top
of the healthy plant (scion) was grafted on to the lower part of the phylloid plant
(stock) mA. vice verm* In grafting, the region of the plant adjacent to the
plac^ of union was disinfected with absolute alcohol, and the scalpels, etc,, em-
ployed were sterilised before and after use. Cleft grafting was performed and scion

and stock were kept in position by a muslin bandage soaked in molten beeswax.
Care was taken to seal the cut ends of the stalks of sv-ch leaves as were removed
to facilitate grafting. After this the grafted plants were carefully bagged again.

Unfortunately strong winds damaged most of the grafts and only four were success-

ful-three grafts wherein the normal plant formed the stock and the phylloid
plant the scion, and one of the opposite kind.

i:
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After about three weeks the originally normal scion of the last-mentioned
grafts was found to be exhibiting symptoms of phyllody, and in the other three
grafts, all new branches produced by the originally healthy stock bore phylloid
flowers (Plate XXVII). Although the material is too scanty to enable definite
conclusions to be drawn, these facts suggest that phyllody in sesamum is in the
nature of a systemic disease and is possibly an addition to the growing list of
plant vmises. Such an assumption is in consonance with the recorded observations
on the incidence of phyllody and may explain, for example, why phyllody should
be liable to reveal itself without apparent relation to the environmental condi-
tions prevailing at the time.

Summary

Phylloid til plants are characterised by the transformation of aU floral parts
except the stamens into leaf-like structures. The different modifications en-
countered are briefly described.

An attempt was made to discover the cause of phyllody and it was found that
neither heavy manuring nor the Rowing of plants under artificially contrived
conditions of high humidity sensibly increased the percentage of phylloid plants.
It was observed, however, that early sowings contained a larger proportion of
them than late sowings.

Hyp^ermic injection of juice extracted from phyUoid plants into the stems
of normal plants gave negative results but it was found possible to transmit the
phylloid condition by grafting normal scions on phylloid stocks and vice versa.
Ihis suggests although the evidence is not conclusive—that phyUody may be
cajised by a yirus.

^
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Foeewoed

The development at the Institute of Plant Industry of an extensive experi-
mental programme for fundamental research on cotton and for the amelioration of
agricultural conditions in States in Central India and Rajputana has made
necessary a number of investigations in statistical technique, and has provided
opportunities for the study of a number of problems of design and analysis of
experiments which are ofgeneral interest.

The work 'in progress falls naturally imder two heads, first, the study of
methods of increasing the accuracy of varietal trials for plant breeding purposes
where rigorous scientific control is possible, and secondly, the development of a
satisfactory simplified technique for trials carried out under non-teehnical control
at out-stations or on cultivators’ fields.
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It is proposed to publish the results ofthese studies in a series of papers ofwhich
this is the first. This paper deals with investigations on the effect of size and shape

of plots and blocks on standard error in replicated cotton trials. Further papers

vdll deal with sampling for staple length measurement in cotton, the use of the

method of covariance in breeding for disease resistance in cotton, and the effect

of discarding margins on the accuracy of comparison in cotton and wheat trials.

J. B. H.
I. Introduction

Variety trials on cotton have been carried out by the Institute in Central

India and Eajputana for the past three seasons using Latin Square and randomised
block lay-outs. Plot sizes and shapes have been determined largely by convenience
and such guidance as could be obtained from the literature on other crops. In
1933 it was decided to lay out a uniformity trial with Malvi mass-selected cotton
at Indore in order to acquire more accurate information concerning the optimum
conditions of plot size, shape and arrangement for cotton trials. The experiment
was laid out at Indore chiefly for convenience of management, and conclusions
concerning such matters as the magnitude of the standard error with plots of a
certain size and shape are, of course, valid only for the conditions under which it

was conducted. It is quite impossible to carry out such trials in all or even a
number of the places where experimental work is to be done, but as experimental
error has been of the same order in experiments carried out in various parts of
Centeal India and Rajputana as at Indore, it is reasonable to suppose that con-
clusions reached at Indore concerning the optimum conditions ofexperimentation
wiU be a fair guide for designing experiments in other areas.

II. Material

The experiment was carried out on a field of reasonably uniform fertility, so
far as could be determined from inspection of crops ofjowar {A'ndro'poqon Sorghvm)
and cotton grown in 1930 and 1931. The mean yield per acre of seed cotton from
the experimental crop was 345 lbs. as against an average of 400 lbs. per p.cre given"
by the local control in ten varietal trials carried out on black soil in Malwa in
1932 and 1933. The field may, therefore, be classed as rather below average in
fertility.

One hundred and thirty-eight rows each 206 ft. 8 in. long and 14 in. apart
were sown north and south with a two-coultered seed dril (locally called 'phadah)
at the end of June when rains began. Seed is dropped into the funnel of the
phaMh by hand, and a measured quantity of seed was sown in each row. The
usual preliminary and post-sowing operations in practice at the Institute were
carried out. At the time of harvest five rows on each margin of the field and ten
feet at each end were discarded to avoid border effect. The central 128 rows
were then divided into sections each four rows wide and 4 ft. 8 in. long. There
were thus 1280 ultimate units, square in shape and 1/2000 acre in area. Four
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pickings were made between the third week of November 1933 and the middle of

January 1934. The data in- this paper were calculated from the total yield (in

grms.) of seed cotton per unit.

The units were combined to give plots 1, 2, 4 and 8 units broad and 1, 2, 4, 5,

8, 10, 20 and 40 units long. (Throughout the paper length will be used for length

along the rows, and breadth, for breadth across the rows, irrespective of which

dimension is the greater). These plots were grouped together (1) in blocks of four

plots in a row (2) in blocks of eight plots in a row and (3) in blocks of eight plots

in two rows of four.

By comparisons of different arrangements of units in plots, the effect of plot

size and shape on plot error will be studied, and by comparisons of different

numbers and arrangements of plots in blocks the relative efficiency of different

block arrangements in removmg variation due to major soil differences will be

investigated. }

III. Statistical ANALYSIS

In Table I are given percentage standard errors per plot for different plot

sizes. The Table is subdivided into three sections to give standard errors per

plot for the three types of block separately. In each case variation between

blocks has been removed. The effect of this will be discussed below. It is

sufficient to note here that the standard error is in general reduced' by 50 to 70

per cent by the elimination of block differences (Table IV)..

Table I (

Standard errors per cent for plots of different sizes and shapes

Breadth
Length in, units

in units

1 2 4 5 8 10
1

20 40

A, 4-plot blocks 1

1 25-2 18*8
1

14*4 13-8 11-0 10-0 8*4 6-4
2 19-1 15-3 12’2 11-7 10*2 9-7 8*1 6-6
4 15-4 13-1 10-6 10-6 8-8 8*9 6*9 3*6^

8 15-9. 14*4
1

12*3 11-6 9-4
i

10-7 4-9 3*0

26-2 1

B. 8-plot blocks in one TOW
1 20-1 15-6

j

16-2
1

1

12-3 11-4 9*6
.

'6
*8., I;'.

2 19*4 15*7 12*6 12-1
1

f 10-4 10*1 8-2 6*2
4 18-9 16*7 14-0 13-4 / 11-1 .11’9

1

7*1 4*3

1 <7 . 8-plot blocks in two rows
]

1 25*9 20*1 1 17-2 14-3 • • 17-4 ! 11-9 .

.

' :-'2
. 20-1 16*3 16-0 11-8 * • 16-8 10-8

4' 16*6 14-0 13-5 10-6 * 16*1 9*6
8 ,,: 16*4 13*9

i

13-2 10-8 15-0 8*3
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It will be seen that there is a gradual decrease in percentage error per plot

as the plot size increases by increase either in length or breadth ; but with in-

crease in length reduction in error is more rapid than with increase in breadth.

The advantage of increased breadth rapidly diminishes until in the extreme case

plots 8 units broad in Table I-A and 4 units broad in Table I-B are actually less

advantageous than corresponding plots of half the breadth for all lengths except

the two longest. Similarly plots 8 units broad in Table I-C show no advantage

over corresponding plots of half the breadth. Table I thus brings out in general the

advantage of bigger plots over smaller ones, and of long plots over broad ones.

The standard errors per plot in 8-plot blocks are higher for all plot sizes than

tho.se in 4-pIot blocks. When the 8 plots in a block were arranged in two rows

instead of one, no advantage was secured over the single row arrangement and

with plots 10 and 20 units long where the two-row arrangement was the less

compact, it was actually less advantageous.

Tables II and III are arranged to demonstrate the effects of plot size and plot

shape sepai’ately.

In Table II plots of different .sizes but of the same shape are grouped together.

For each shape, increase in plot size has consistently resulted in a decrease in

standard error.

TabLI! II

Standard errorsper cent ofplots of different sizes arranged according to shape

Per cent standard error per plot

Plot shape Plot size

4“plot

[

8-plot blocks

(Breadth : Length) (acre)

blocks

i

1 row 2 rows

4:1 1/600 15-4
1

18-9 .'''16*6',.

1/136 14-4 :i3;-9':

1/1000 19*1 19*4 '20''*i
'

1/250 13*1 16*7 .14 -O'

1/62-6 12*3 . • . 13*2
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In Table III plots of different shapes but of the same size are grouped together
For each plot size, longer plots have in general, given lower standard errors than
broader plots.

Table III

Standard errors per cent of plots of different shapes arranged according to size

Per cent standard error per plot

Plot size Plot shape

(Breadth : Length)

1:1

4-pIot

blocks

8-plot blocks

2 rows

1:5
1 : 20

6*9 7*1 9*5
6*6 6-2

1/12*6 . 1 : 2^6 4*9 ... 8*3
1:10 3*6 4*3

1/6*26 1:6 3-0 ....
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Table III also brings out the relative importance of sizio and shape of plots

in reducing QiTor. With the smaller plot sizes, the effect of size is predominant,

so that larger plots are more efficient than smaller ones, irrespective of shape*

With larger plot sizes, shape is considerably more important, so that broad plots

are often less efficient than long plots of a smaller size. Piet shape is of most

importance within the range of plot sizes usually employed in field experiments,

and it is clear that the best use will be made of land if plots are made as long as is

consistent with border row requirements and convenience of field arraiigemoiit.

It is a striking observation that in the present study, for any given plot shape,

a considerably lower error was obtained when the longer dimension of the plot was
along the rows than when it was across the rows. The most obvious explana-

tion is that there may he a fertility gradient along the direction of sowing* A
fertility contour map of the field was compiled from the yield data and is given

in Fig. 1. Inspection shows that in general, and particularly on the western side

of the field, a long plot running north and south (along the rows) will cross more
of the fertility contour lines, and will therefore average out fertility differences

better, than a plot of the same shape with its long dimension east and west* It

was decided to take a square 20 units X 20 units from the northern half of the

field (outlined in dotted lines in Fig. I) and to correct the yields of the 400 units

in it, for the regression of yield on position. The two regression coefficients

were :

—

N-S +2*09, a {b^) =3.0-48, P=0-0l
E-W h = —0-61, a (62) =0-30, P= 0*06.



Fig. 1. Fertility ooatour map from data of cotton trial.



STUDIES IN' THE TECHNIQUE OF FIELD EXPERIMENTS 531

Plots of 20 units eacli were compiled in two ways, (1) with a breadth : length

ratio of 1 : 20, and (2)' with a breadth to length ratio of 20 : !• Standard errors

per cent per plot were calculated from the corrected plot yields and gave

—

Along,the rows (i : 20) a=10 *9 per cent

Across the rows (20 : 1) o= 17*6 per cent

P(dilf.) =0-05

Elimination of the fertility gradient, therefore, did not destroy the advantage

of long plots over broad ones. Consideration of the r^ethod of sowing gives a

reasonable explanation of the advantage, in that a measured amount of seed

was sown in each row, and no doubt the individual dropping the seed into the

phadak would tend to compensate any excesses in one section of the row by a de-

ficiency in the next, and vice versa. This would result in greater variation between

short lengths of the same row than between equal lengths of neighbouring rows.

The longer the section of a row included in the plot, therefore, the less will be

the variability in amount of seed sown per plot. In varietal trials an equal

amount of seed is normally sown in each plot, and differences in seed rate will,

therefore, not contribute to error. In agronomic trials, however, where seed

is sown uniformly over a number of treatments, the arrangement of treatments

to include long lengths of rows or even the whole rows may contribute materially

to the reduction of error. A particular case is that in which each main plot in a

confounded [ Yates, 1933 ] experiment is divided in halves. Such divisions

should wherever possible be along the rows and not across them.

In Table IV are given percentages of the total sums of squares removed by
blocks of different sizes and shapes.

Table IV

Percentage variation removed'^by blocks of different sizes and shapes

4-plot blocks 8-plot blocks

Block
size

,

(acre)

Block
shape

(Breadth

:

Length)

Percentage
sum of
squares

Block
size

(acre)

One row Two rows

Block
shape

(Breadth

:

Length)

Percentage

'

sum of
squares

Block
shape

(Breadth

:

Length)

’

Percentage
sum of
squares

1/500 4': I 53*4- 1/260 8:1
1

4.0* 1 2: 1 42- 3.,:,

,

1/260 8 : 1 66*1 1/126 16:1 ! 52‘9 4: 1 49*3
2:1 61/9 4=1 49*1 1 : 1 49*3
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4-pIoii blocks
1

8 -plot blocks

i

One row
j

Two rows

Block
siz© Block

shape

Percentage
sum of

Block
size

Block
shape Percentage

sum of

Block
shape Percentage

sum of

(acre)

[
Breadth :

Length)

squares

'€ (acre)

(Breadth :

Length)
squares (Breadth :

Length)
squares

1/126 . :

16; 1
A * 1

67-6
66'

2

1/62-6 32: 1

8:1
42-6
68-6

8 : 1

2 : 1

55*7
56*4.

4 ; 1

1: 1 68-8 2: 1 57*4 1 ;2 48*5

1/100 1 :
1-25 68*7 1/30

1*6: 1 * 56*0 1 :2-5 60-7

1/62-5 .
32: 1

8; 1

2; 1

1 : 2

35 -1
70-3
72-2
72-7

1/31-25
16: 1 43*4

16 ; i

4 1 1

44-4
60*1

4: 1

1: 1

65*3
60*2

1 : 1 50*5

1/50
1*6: 1

1 :
2-5

71-3
78-8

1/25
3-2:1
1 : 1-26

64*3
67*6

1 : 1*26
1:6

66-3
24-4

1/31-25 .
16; 1

4; 1

1:1

54* 7

76*4
71*9

1/15-6
8 : 1

2:1
50*6
66*2

8:1
2:1

50-8
53*7

1/26
'

.
1

3-2; 1

1 : 1*26
I : 5

73*6
77*3
61*9

1/12-6 6*4: 1

1*6:1
1 :

2*5

49*9
70-7
43*1

1*6 : 1

1 :2*6
1 : 10

69*5
19*4
11*5

1/15-6 .
8:1
2:1

60*6
76* 2

1/7-8
4:1 65*6

4:1 46-9

1/12-5 .
6*4:1
1-6:1
1:2*5
1:10

61*2
78*6
56*1
34*1

1/6-25
3*2:1
1:1*25
1:6

65-1
46*4
14*4

3*2:

1

1:1*25
1 : 6.

59*7
18*2
6*2

1/7-B 4:1 67*0 1/8-12 1*6; 1
'

. 17*1:,V:'';

1/6*25 8*2: 1

1:1*26
64*2
68*6

1*6 s i
1 : 2*5

49*0
21*9

1 ;2“5

1:6 22*7

1/13*12 2*6: 1 70*4
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Four-plot blocks remove a larger proportion of the variation than eight-plot

blocks of the same size and shape. In both four-plot and eight-plot blocks,

blocks less than 1/100 acre remove a smaller pi’oportion of the variation than

blocks of 1/100 to 1/25 acre. Blocks of the latter range of sizes remove about 70

per cent of the variation in four-plot blocks and about 60 per cent in eight-plot

blocks. With larger blocks a smaller proportion of the variation is removed and

the proportion removed is largely affected by the shape of the block. With

block sizes of 1/125 acre or less, block shape has little effect. As the block size

increases above this point the efficiency of both long, narrow blocks and short,

broad blocks rapidly decreases. With blocks of 1/25 acre or larger, the efficiency

of all blocks with breadth greater than six times the length, or loss than half the

length, is very low.

Advantage was taken of the data collected to compare the efficiency of

randomised block and Latin Square lay-outs. Two arrangements were taken,

64 plots arranged 8X8, each plot 1/100 acre in area, and 1 : 1*25 in shape, and

16 plots arranged 4x4, each plot 1/25 acre in area and 1 : 1 • 25 in shape. Analyses

of variance are given below (Table V).

Table V

Analyses of variance of 8 X S and 4xd Latin Squares

Degrees
of

freedom

Sum
of

squares

Mean
square

i

8x8

Rows . . .
'

. . . , 7 2,453,373 360,482

Colixmns . . . . . . 7 250,301 35,786

Residual . . . . . .

'

49 2 ,214,014 i

1

45,184

4x4

Rows .

!

' ^ 9 ,684,007 3,194,669

Columns . . . . . . 3 422,606 140,869

Besidiial 9 4
,927,459 547,495
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The mean square appropriate to error in the Latin Square arrangement is the

residual mean square in each case. That appropriate to the randomised' block

arrangement can be obtained from Table V in two ways, by pooling with the

residual sum of squares either the column or the row sum of squares and dividing

by the appropriate number of degrees of freedom. It is immediately clear that

the result obtained will be very different according to whether row^s or columns
are pooled with residuals. Below are given standard errors per cent per plot

obtained as above for Latin Square and randomised block arrangements.

i

4x4

Latin Square '

. , . . t . 13*6
!

11^8

fEow-wise
1

13 -4 10-7
Randomised blocks , . .

Column-wise , 18-4 17*6

(Row-wise results from pooling columns with residual, and column-wise by
pooling rows with residual.)

Clearly, if there is sufficient knowdedge to design blocks in the most advan-
tageous manner, randomised blocks can give as efficient a lay-out as a Latin Square.
The required information is provided by the discussion of the influence of block
shape on proportion of variation removed by blocks {see above). The per-

centages of the variation removed by blocks of the shapes constructed row-wise
and collimn-wise are abstracted from Table IV and given below :

—

Blocks
Block
shape

Percentage variation removed

i

Row-wise .

Column-wise

8-plot blocks y 1/12*5 acre

6 - 4 : 1

1 : 10

4•plot blocks, 116*25 acre

49 ‘9

11-5

Row-wise .

Column-wise

3 * 2 : 1

1:5

64-2

22*7
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The failure of the Latin Square arrangemeut to give a lower error than an

efficient randomised block arrangement may be ascribed to the fact that columns

in the Latin Square represent blocks of a very inefficient shape. In the Latin

Square arrangement/ therefore, the number of degrees of freedom available for

the estimation of error is reduced without any corresponding advantage. Eden

and Fisher
[ 1929 1, and Lord [ 1931 ] have previously discussed the failure of a

Latin Square to give a lower error than randomised blocks.

IV, Discussion and conclusions

The drawing of conclusions concerning the conditions for efficiency in ex-

perimental lay-outs will he facilitated by a consideration of the nature of the sta-

tistical manipulations which have been carried out. A constant total variance

—

the variance between the 1/2000 acre units—has in every case been divided into

three parts :

—

(1) Variance included within plots.

(2) Variance between plots within blocks.

(3) Variance between blocks.

In experimental data item (1) does not appear and item (3) is eliminated in

tlie statistical analysis. Item (2) remains as an estimate of plot error. The

primary statistical consideration in experiment design is, therefore, to include

as large a proportion as possible of the uncontrolled variability in items (1)

and (3), and thereby to minimise item (2). Two important conclusions on this

point have already been indicated, first, in order to maximise item (1), plots

should be long and narrow, and secondly in order to maximise item (3), blocks

should he approximately square.

Considerations of plot and block size are closely associated with matters of

agricultural ooiivenienee, amount of land or seed available, and probable efficiency

of supervision. It is therefore, desirable to present the conclusions in a manner
which will enable the investigator to choose for himself the most efficient design

consistent with the facilities available, rather than to attempt to define an

optimum lay-out, on statistical ground alone. With this am in view the number of

replications and the amount of land required to give a standard error of two
per cent of the mean have been calculated for plots of difierent sizes and shapes,

arranged in 4-plot and 8-plot blocks (Table VI). In the 8-plot blocks only the

more efficient of the two arrangements of plots considered above has been in-

cluded.



5S6 INDIAN" JOURNAL OF AGHICULTUliAL SCIENCE [V, lY

Table YI

Nmnher of re^pUcatiofis and area of land required to give a standard error of two per
cent of the mean with different qylot sizes and shapes

< \ plot, size .

(acres)

Plot
shape

4-plot blocks 8-plot blocks

No. of
replica-

tions

Total
1

area I

(acres)
I

Arrange-
ment of

plots

No. of

replica-

tions

Total
area

(acres)

i; 20,00 , 1 : 1 159 0-32 4x2 168 0-07

1/1000 . 2 : 1 91 0-36 8x1 94, 0*75
1 : 2 88 0-35 8x1 101 0*81

1/500 4:1 59 0'47 4x2 69 1*10
1 : 1 58 0-46 8x1 62 0*99
1 : 4 52 0*42 8X1 61 0*98

1/400 1 : 5 48 0-48 4x2 51 1*02

1/250 . 8 : 1 63 1*01 4x2 67 2*14
2 : 1 43 0-69 4x2 49 1*57
1 : 2 37 0-59 8x1 40 1*28
1 : 8 30 0-48 8x1 38 1*21

1/200 , , 1 : 2.5 34 0-68 4x2 35 1*40
1 : 10 25 0-50 8x1 32 1*28

1/125 . 4: 1 52 1-66 4x2 49 3*14
1:1 28 0-89 4x2 45 2*88
1:4 26 0-83 8X1 27 1*73

1/100 . 1 :1*25 27 1-04 4x2 27 2*16
1 : 6 23 0*92 8x1 26 2*00
1 ;20 - 18 0-72 8x 1 22 1*76

1/62*6 . 2:1 38 2-44 4x2 43 5*61
1 : 2 19 1-22 8x1 31 3*97

1/60 . . 1.6: 1 33 2*64
,

4x2 29 4*64
1 :2*5 20 1-60 8X1 35 5*60
1:10 16 1*28 8X1 17 2*72
1:40 10 0*82 8x1 ; 11 ..

1*76'„

1/31 *2 . 1 ; 1 .22 2*82
• •

1/26 . 1 : 1*25 29 4*64 4x2 7*95
: I/: 5 :

. ^
. 12 . 1*92 8 x 1 13 4*17

1 : 20 7 1*12 : ''Sx.,! 2*24

1/12-6 . 'o:. 1*92 .4x2.''
''."17

10*90
I; 10 3 0-96 8X1 'y

/

5.;" 3*21

1,6-26 . \1 : 5. 1*28
/

;'**; //;
; //
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A atandard error o£ two per oeat of the mean was taken as a standard, a

an iiJ^estigator may reasonably demand experimental methods accurate

toeSS to rel upon differences of the order of fire or srx per cent of the

to enable hi y ^ ^ j l^han H per cent can safely be ignored,,

“T T TtToi 4 pettTwm be

:e;"s3 L aLuntoflandrequired will he one quarter of thosegiren

^
reduction in plot error with inereasiug plot size has alre^ been ported

t Table VI refleote this in the reduction in the number ofrephcations required

out. Table Vi retlectsrm _ ^ aoreased. The reduction in error is

*°fnroportiomi.rto the increase in plot size, however, and consequently ^e

^ourof land required to give a two per cent error steadily mcreases as the

^^^^ThlTfiecHf agricultural convenience, limitation of land or seed, and effi*

ciencv of supervision may now be considered.
r i + j + • ^

IS available, and P
^ reliable information concerning the potentia*

Eor the large m j
.^ride limits. In mahing

Mowing joint. .£ convenienoo d.onU bom. inmmd :

Til Plot, .honld b« tag. enough to aUow of the
.“y'lfr*'

Trthod. of the dintriot being need, in order that the remit, obtamed

shall he strictly applicable to local conditions.

(2) wi^slX^ots^nd more rephcations may

|,g\e area of land required cannot he obtained unless margms can

safely be dispensed with.
t+

,

v,o.r

The design of experiments for out-stations requires special study. It^may

h sta+l herfhowever, that where skiUed supervision is lacking or mtermittent,

be stated
b®^®’ eUntial. Tor this, plots should be large and rephcations

Bimphci y in ^ _ number of separate plot products to be harvested

^hW to weigh sman lots on crude

MarginsandguardrowsshouldformassmaUaproportion of

the whole as possible. m
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In Institute experiments it has been usual to employ plots of 1/100 acre -with
a breadth,/length ratio of 1 : 2. With six repheations a standard error of 4 per
cent of the mean would be expected. In actual fact standard errors have ranged
from 5 to 10 per cent of the mean, depending on efficiency of supervision and
facilities for accurate execution. In practice, therefore, it may be expected
that rather more repheations, and rather larger areas will be required for a given
standard error than are indicated in Table VI, since there are likely to be sources
of error in a multiple plot experiment which do not exist in a uniform crop not
subdivided until harvest time. Considerable improvement in accuracy may
confidently be expected if plot size is increased from 1/100 acre to 1/50 acre and
the plots are made longer in proportion to their breadth.

V. Summary

1. The results of a miiformity trial with Malvi cotton at Indore are reported.

2. Standard error per cent per plot decreased steadily with increasing plot
size.

3. For any given, plot size standard error per cent per plot decreased steadily
as the length of the plot (along the rows) was increased.

4. The advantage of long, narrow plots laid out along the rows over plots
of the same size and shape laid out across the rows is shown to be independent
of fertility gradient, and it is suggested that it is associated with the method of
sowing.

6. It is shown that approximately square blocks eliminate more of the soil

heterogeneity than rectangular ones. With blocks of 1/25 acre or larger, shape
is the most important factor in determining efficiency.

6. A Latin Square lay-out has no advantage over an efficiently designed
randomised block lay-out with the same number of plots.

7. Optimum lay-outs for different types of experimentations are discussed
and a table is given to facilitate determination of the amount of land and number
of replications required for a given accuracy with different plot sizes.
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In sorghum, as in all grasses, there is a well-marked zone at the junction of

the leaf sheath and the leaf blade. This zone has two parts, (I) a narrow ligule

which is a prolongation of the distal inner margin of the leaf sheath, and (2) a

triangular, light coloured membranous tissue, which is usually fiat, in sorghum,

and may vary in the width of its base. In extreme cases as in Sorghum caudatum

Stapf, the length of the base may be so great as to t^ow the outline into a curve

of a broad sweep giving it an auricular disposition in which the lobes m^t and

encircle the stem. These structures and their variations are related both to

leaf size and leaf disposition and have varietal peculiarities. It will be obvious

that the specialised zone at the junction of the leaf blade and leaf sheath plays

an important role in the development of the leaf blade by making it possible for the

latter to widen out and link up with the clasping leaf sheaths.

A condition in which both the ligule and the junction are absent, though un-

common, has been recorded in the wild grasses as well as in the cultivated cereals.

Emerson f 1912 ] first noted this condition in maize and recorded that it behaved

as a simple recessive to the presence of ligule and auricle. Vavilov and Bukinich

[ 1929 ] have noted it as a simple recessive condition in wheat. Brink [ 1933 ]

finds that two factors are responsible for the ligulate and aurioulate condition

the absence of either or both of which would give an e-ligulate and non-auriculate

plant.
.

( 639 )
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At the Millets Breeding Station, two instances have been met with of this

e lienlate and non-anriculate condition, one in Sudan grass ^d the other m Broom

'orboth being relatively primitive types of sorghum. These forms ha,ve pro-

arisen as Ltants from normal ligulate populations and being pecuhai-

Ltive were easily picked out and perpetuated. Pure lines of these eigulate

iXon-auriculate plants were grown at Coimbatore and in both of them some

l^TcrosLsoccr^ed possessing both ligule and auricle.
^

Six of these w®e

Lken for study and the seedlings raised from them showed clear segregations for

L heulate and auriculate condition and its absence.

E -ligulate

and
non-auriculate

Ligulate
and

auriculate

Sudan grass

Broom corn-

Total (observed)

Total (calculated)





Agric. Sci., Vol. 5, Part IV PLATE XXVIII

E ligulate and non-auriculat^
Ligulate and aurieulate
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It will be seen that this e-ligulate and non-anriculate condition is due to

the absenee of a single factor that behaves as a simple recessive to its presence.

Whether more than one factor is involved in this phenomenon only wider ex-

periences can show. It will be seen from the illustration (Plate XXVIII) that

in the absence of the auricular adaptation, the seedlings have their leaves erect

and close in marked contrast to the free and wide disposition ofthe normal seedlings.

The adult plants also showed this difference. This appearance of a primitive

character, probably as a result of a new environment, is interesting as throwing

light on the evolution of the ligule and auricle. Moreover in maize a linkage has

been established between the factor for Kgule and the Eg factor for raggedness

in the Hade [ Brink and Senn, 1931 ]. The normal ligulate and auriculate

character has been designated Lg to bring it into line with the nomenclature

used for maize.

Summary

An edigulate and non-auriculate condition has been met with in the leaves of

sorghum. This character has been designated lg ,
the normal ligulate and auri-

culate condition being Lg. Lg is a simple dominant to lg.
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NOTES

ROUND TABLE DISCUSSION ON NUTRITION AT THE NEXT
CONGRESS OF THE FAR EASTERN ASSOCIATION

OF TROPICAL MEDICINE

We have received the following circular letter from the local Secretary of the

Far Eastern Association of Tropical Medicine

At the next Congress of the Far Eastern Association of Tropical Medicine,

it is proposed to hold a round-table discussion on nutrition, and we have been

ashed by the Council to make preparation for it.

Papers are invited upon Nutrition from the widest point of view and we
should be glad if you will be so good as to ask trained observers who are working

On any aspect of the subject in your country, whether they will kindly contribute

to the discussion by reading a paper on their work under any of the sub-headings

below.

If suitable support is forthcoming, it may be possible to combine the papers

received and the discussions in a volume, which would constitute an up-to-date

account of Nutrition as concerns the East.

It is hoped that some indication of the support which may be expected from

your country may be received during 1935 though it will not be necessary for

titles of papers to be sent in until a later date which will be notified in due course.

Such co-operation will enable the Council to know how much time should he allotted

for the discussion.

It has been proposed to divide papers under three headings as follows :

—

J. Eccmomics.—To include such aspects as agriculture in relation to human
nutrition, e,g,, improvement of yield and quality of food crops;

horticulture
; fruit-growing ; stock-raising ; dairy problems

;
insti-

tutional feeding ; food surveys
;
storage

; cooking, etc.

II, Chemical and ^hy8iohgical,—l^o include food analyses in the widest

sense; vitamin, mineral, fat, protein studies, etc.; metabolism,

basal metabolism, energy requirements, specific dynamic action.

III, Clinical,—Studies of disease in relation to food and diet, the feeding

of infants during the first year with special reference to development

(height and weight) ; children’s diseases in relation to food; nutri-

tional oedema, atypical beriberi
; the course of infectious disease^
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tinder the influence of food ; liver cirrhosis ; ansemias skin diseases

in relation to food and vitamins ; ulcers of the leg ; leprosy in relation

to food
;
constitutional diseases ;

diabetes
;
obesity

;
gallstones

;
gastric

ulcer, etc.; clinical value of certain foods, etc.

It should be understood that the above provisional programme is intended

to be as wide as possible, and that additional suggestions from those able to

make them will be welcomed. It is hoped that the subject of nutrition will receive

emphasis from the general and normal point of view as well as from the point of

view of disease.

IMPORTATION OF ^MEXICAN JUMPING BEANS ^ INTO
BURMA

la exercise of the powers ooaferred by sub-section (i) of section 3 of the

Destructive Insects and Pests Act, 1914 (II of 1914), the Governor General in

Couacii has bean pleased to direct tint the following further amendment shall

be made in the Order published with the Notifloation of the Government

of India in the late Department of Revenue and Agriculture, No. 580-240,

dated the 22nd June 1922, namely :

—

Paragraph 8 of the said Orde^ shall be re-numbered 8(a) ’’ and after the

paragraph as so re-numbered the following sub-paragraph shall be inserted

namely :

—

(b) The importation of ' Mexican Jumping Beans [Sebastiania palmeH of

the family Eupborbiaoeae is prohibited absolutely.’’

aiFD—.61 do of AR---23-8-35—800.
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11. SAMPLING POP STAPLE-LENGTH DETERMINATION IN COTTON
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BY
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(Received for publication on 19th June 1935)

(With one text-figure)

Staple-length in cotton is usually estimated for plant-breeding purposes by

measuring the maximum halo-length on a number of seeds on which the lint has

been combed out with a weaver’s comb. At Indore the maximum halo-length

is measured on one side of each of 10 combed seeds. Measurements aie made

with Bailey’s [1930] staple-length measurer.

It was known that the variance of the mean of ten halo-lengths is low, and it

washopedthatitmight be possible to reduce thenumber ofmeasurements without

seriously reducing the accuracy of the mean. No published information appeared

to be available concerning variation in staple-length from plot to plot of the same

variety. K variation between plots of a variety were of the same order as varia-

tion within plots, a satisfactory estimate of halo-length, together with a valid

standard error, cotdd be made from a single bulk sample ofthe produce ofa variety,

thereby saving the labour and storage accommodation involved
in keeping separate

samples from each plot.

Halo-lengths were measured on samples obtained from two randomised block

experiments laid out on harani (unirrigated) land at Dhar and Limbodi
^

(near

Indore) in 1933. Pive Indore selections and the local cotton (aU Indian varieties)

were tested in six blocks in each experiment, giving 36 plots per experiment.

The soil at Limbodi was much less fertile than at Dhar and the yield of the

Limbodi trial was further depressed by very late sowing.

( 645
)
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Mean, yields per acre were :

—

Bhar
.

.
- • •

'
'

'

• • • 424 lbs.

Limbodi . ... . . . • • lb9 lbs.

Only one picking was possible at Limbodi and tbe whole of the produce was

available for lint-length sampling. At Bhar three pickings were taken, and the

whole produce of each plot was thoroughly mixed and a sample drawn for staple-

length determination.

Measurements were made on one side ofeach of ten combed seeds per sample,

making 360 measurements per experiment.

Statistical analyses on a single measurement basis are given in Table I.

Table I

Analysis of variance of halo-length measurements

Degrees
of

freedom

Sum
of

squares
Mean square i loge

Dhar—
Blocks 6 20 4-00 0*69

Varieties . 5 486 97-20 2*29

Between plots 25 334 13*36 1*30

Withm plots 324 407 1*26 0*12

Limbodi—
Blocks 6 50 10*00 1*16

Varieties . , 6 87 17*40
1

1*43

Between plots .
,

26 309 12*36 1*26

Within plots .
|

324 361 1*11 0*05

Dhar Limbodi
Between plots v. within plots , .

% 25, and = 324

P =r 0*01 when sis about 0*3

. 1*18 1*21

Blocks V. between plots . . •

% == 26, and % == 6

P ass 0* 06 when = 0* 76

• 2^ = 0*61 0*11

Varieties V. between plots .

% = 6, and % « 25

P 0*06 when 2 « 0*48

« O'* 01 when «
'

,
0*99 0*17
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Significant differences between varieties exist in the Dbar data only.

In neitber experiment was tlie lint-length variation between blocks as great

as the variation between plots within blocks. Arrangement of plots in blocks,

therefore, conferred no advantage in the comparison of halo-lengths. In both

these experiments the variation in yield between blocks was very much larger than

that between plots within blocks, showing that the causes of uncontrolled

variation in lint-length are different from those in yield.

The mean square between plots represents the error mean square appropriate

for testing the significance of varietal differences, while the mean square within

plots represents the sampling error. In both experiments the error mean square

was about ten times as large as the sampling error. Plot-to-plot differences are,

therefore, responsible for the major portion of the error of halo-length determina-

tions, and such determinations should, wherever possible, be made on each plot

separately, and not on bulk samples. The standard error determined from the

variation between measurements on seeds drawn from a bulk sample will there-

fore be a serious under-estimate. Such an estimate of the standard error was

obtained by treating the whole of the observations in each of the two experiments

under review as a single set of measurements for each variety. The two estimates

of the standard error of the mean are compared below :

—

Treated as
bulk Plot^wise (From
samxile Table I)

Dhar . . . . . 0^9 0-47

Limbodi ... . . O’ 18 0*45

Table I shows quite clearly that the accuracy of comparisons of lint-length

depends almost entirely on the number of plots available, and only to a very

small extent on the number of measurements per plot.

Let K be the variance of the mean ofN plots with n measurements per plot.

Then, ifp be the variance between plots due to soil differences, and m be the

variance between single measurements within a plot,

m
^ —

N

[Immer, 1932 ]

It is now possible to make a direct study of the effect of changes in n umber of
measurements per plot or of number of replications on the accuracy of comparison

. .
A.t::'':''::':'
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of staple-lengtli measurements. In the experiments under discussion the following

values were obtained :

—

Dhar Limbodi

Mea.n square (between plots)— ,0* 223 0* 206

,

N71

Mean square (within plots) . . . 1*26 1*11

„ . . . / . . . 10 10

N\ .
* .* •

.

^ ^

m . . . . . . 1*210 1*125
, p ^' n

Changes in the number of measurements per plot {%) will only influence K
by changing the value of whereas changes inN affect the value of K directly.

Since m is approximately equal to ‘p in the present instance where ^ ^
contributes about 10 per cent of the value of K, and number of replications is

the predomii},ant factor in determining the value of K. Improvement in accuracy

of comparison of staple-length measurements, therefore, can be gained rapidly

by increasing the number ofreplications, but only very slowly and to a very limited

extent by increasing the number of measurements per plot.

The number of replications in an experiment is primarily determined by con-

siderations of agricultural convenience, and the size of the error permissible in

yield comparisons. It is not usually possible to makeN greater than six or eight.

The only question for consideration is the extent to which the labour of staple-

length determination can be reduced by reducing the number of measurements per
plot.

In Kg. I the effect of varying the number of measurements per plot on the
variance of the mean of six plots is represented graphically. Calculations are

based on the Dhar data.
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0 ‘4.0

0-35

K 0*30

Fig. I, Effect of changes in number of measurements per sample on variance of moan of

six samples. Calculated from Dhar data.

Any increase in the nnniber of measurements above ten reduces the variance

of the mean, (= K) very little, anda decrease in n from ten to five only increases K
from 0*223 to 0*244, an increase of just over 9 per cent in variance, "which cor-

responds to an increase of 4 * 3 per cent in standard error. Further reductions in n
lead to a rapid increase in iC.

For practical purposes in variety testing, a significant difference of 1 *5 mm.
is all that is required. For such a difference to be significant, the standard error

of the difference must be 0* 75 mm. or less, corresponding to a standard error of
the mean of0“515mm. or less. Z will then be (0*515)2 or 0*265. From Fig. 1,

K — 0*265 when is about 3 *5. Atthat point the value of jfiT is increasing rapidly
with decreases in Five measurements per sample should, however, give a

0*20
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standard error below tbe required limit and ensure tliat sampling errors contri-

bute only a small amount to it. Five experiments have been studied in the

current season in each of which seven Indian varieties from diiBferent parts of India

were included. Five measurements were made per plot on each of six plots per

variety, and the following standard errors of the means were obtained :

—

0-45, 0*39, 0*35, 0*44, 0*49,

giving significant differences from 1*0 mm. to 1*4 mm. Two other experiments

were studied in which two Indian varieties were compared with an acclimatised

American variety. Five measurements per plot were made on each of eight plots

per variety, and standard errors of0 * 50mm. and 0 * 52mm. were obtained. Agree-

ment with expectation was, therefore, good in aU cases.

In order to estimate the sampling error of halo-length determinations on single-

plant samples, halo-length data were examined from 50 plants grown in an Indian

cotton selection experiment. Five measurements were made on each plant. The
variance was analysed into sampling variance and variance due to differences

between plants. Results are given below :

—

Degrees of Mean
freedom square

Between plants . 49 8*1260

Sampling . . ,

A%riance (mean of 6 )
== 0* 1232

a (mean of 6 )
= 0 *361 mm.

200 0*6162

The mean of 5 measurements per plant gives a sufficiently accurate estimate

of halo-length for practical purposes. Comparing the single-plant data with the

plot data from Dhar and Limbodi, it appears that about half the sampling error

inplot samples may be ascribed to differences from seed to seed on the same plant.

All the measurements above quoted were made by one of us (V. G, Panse), or by
one ofour colleagues (N. S. Apte) on seeds combed by girls trained for the purpose.

For making large numbers of halo-length measurements intelligent boys,

literate in English, have been trained, and it was decided to investigate the stand-

ard error of their measurements and compare them with our own. Sets of five

measurements on each of 50 plants were examined, as above. Below are given

sampling variances for four observers, and the number of measurements required

to give a variance of the mean equal to or less than 0 *25 (corresponding roughly

to a significant difference between means of 1 * 6 mm.) :

—

No, of observa-
Observer Sampling tions for F {M)

variance —0*25 or less

K. G. (American) . . . , . 3*702 15

(Indian) , . , . , 3*026 12

1*641 6

1*094 5

2*460 10

B. U.

Y.TJ.

D.L.
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IJo observer has reached the standard of accuracy of our own figures, but the

results obtained by D. U. and Y. XJ. are reasonably satisfactory. Since all obser-

vations were taken on very siniilar material, except those on American cotton

by K. G., observers K. G. and D. L. must be judged definitely inferior to D. XJ.

andY.U.

The results obtained by K. G. on American and Indian cottons show that the

variability is of the same order in both.

Discussion

Bailey [1930] has described in detail the method of determining halo-length

employed in the Sudan. While it is the primary purpose of this paper to discuss

the error to which such measurements are subject, it is necessary to refer to the

method of measurement employed. Combing is done in the way described by

Bailey, but with a steel weaver’s comb. A xylonite comb is not suitable for

combing Indian cottons. Measuring is done with Bailey’s celluloid staple-length

measurer, but only the maximum halo-length is recorded. The edge of the halo is

taken as the end point, and not the ends of stray hairs, which may be detached

from the seed.

There does not appear to be anything to be gained by taking five measure-

ments per seed, and reducing the average by a small amount to compensate for the

shorter hairs at the base of the seed, as advocated by Bailey. In any case halo-

length can never be an estimate of mean hair-length, as the vast majority of the

shorter hairs must always be hidden by the longer ones. Since it must be an

estimate of TnaxiTnnm hair-length, for facility of measurement and ease oftiaining

of staff, it should be as simple as possible.

Taylor [1930] states that in Nigeria, to obtain a degree of accuracy of 0 •5 mm.,

it is necessary to comb and measure 60 seeds per plant. If by degree ofaccuracy ”

is meant standard error of the mean, under the conditions of these

experiments, five measurements per plant should be adequate with properly

trained observers. Bor a significant difference of 0-5 mm., 20 to 26 measure-

ments should be sufficient. It does not seem likely that under any conditions

there will be much to be gained by aiming at a significant difference of less than

1 mm. Bor all ordinary purposes a significant difference of 1 • 6 mm. will be suffi-

cient, and with properly trained observers this should be attained by taking the

mean of five measurements per sample.
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SXTMMAEY

1. Information was collected on halo-length, plot by plot, in replicated variety

trials. Combing was done by girls trained for the purpose, and measurements

were made by skilled observers.

2. Similar data was collected on halo-lengths of single plants. Combing

was done by the same girls, but some sets of measurements were made by semi-

skilled laboratory assistants.

3. It is shown that with skilled observers, five measurements per plot, or per

plant, are adequate to give a standard error ofthe mean of 0*5 mm.

4. Laboratory assistants varied greatly in their efficiency as measured by the

standard error of the means oftheir observations, indicating the necessity of careful

training and periodical checking of such subordinate staff.

5. In replicated plot trials with measurements by skilled observers, within-

plot variation was responsible for only a small proportion of the error variance.

Sampling for staple-length measurement should, therefore, be plot-wise, and not
from the pooled product of all plots of a variety.

'
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A Nate on the standard error of estimates of ginning percentage isi variety

;

vtrials

It is not usually possible to arrange for the ginning of the produce ofindividual
plots separately in variety trials, and there appear to be no records available from
which an estimate can he made of the reliability of ginning percentages determined
from ginning records of the total produce per variety in such trials.

The produce of five cotton variety trials, laid out in randomised blocks in the
1934-35 season, was ginned plot by plot and ginning percentages were treated by
the method of the analysis of variance. The table below gives mean squares,
standard errors of the mean, and significant differences for these experiments.
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Analysis of variance of ginning percentage

2 pairs of blocks Six blocks " Eiglrtblo'cto'"

Barwani I. P. I. medium
land

I. P. I. poor
land

•I..P. iJ
medifim
land

poor-
land

Degrees
of
m

Pickings
1 and 2

Pickings
1 and 2

3rd 5

picking
Degrees

of
freedom

Degrees Mean picking

M§an
square

of
freedom

square

Mean
square

Mean
square^

Mean
square

Mean
square

Mean
square

Blocks « 2 0*20 5 0*13 1-17 2-6 0*61 7 1*66
1

0*36

Varieties • 6 89-97 6 142*70 110-26 83*97 88*45 2 10*85 14*58

Error . 12 0-36 30 0-18 0-65 4*24 1-16 14 1*14 0*11

Standard error of 0-30 ... 0-17 0-33 0-84 0*44 ... 0*38 0*12
mean

Significant differ-

ence
1

-
0-90 0*50 0*96 2*40 1*33 ... 1*00 0*35

As in the case of staple-length, differences between blocks were never greater

than would be expected on random sampling only.

In all cases except Institute of Plant Industry poor land, a difference of

one per cent in ginning outturn was significant. In the Institute of Plant Industry

poor land experiment the total yield was very low, and 1st and 2nd pickings

contributed only a small part df it. The land used in this experiment was very
uneven and there were large differences in yield between plots.

Summary

Where it is not possible to gin plot yields separately, the data here presented
suggest that, provided the experiment was not carried out on very,uneven land,
a difference in ginning outturn of one per centmay be regarded with some con-,

fidence as real.
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The analysis of covariance is being applied increasingly to the study of the

effect of treatments on the yield of perennial crops. For this purpose plot yields

are taken in a pre-experimental period, and the experimental yields are adjusted

for the regression of experimental on pre-experimental yields [Eden, 1931;

Murray, 1934]. Up to the present the method has not been of much use to workers

with annual crops, since as great an advantage is not obtainable when it is not

possible to use the same plants in the control and experimental periods. Such

experience as is available indicates that a uniformity trial with an annual crop is

not likely to increase the accuracy of the succeeding experiment by more than 60

per cent. For this increase the labour expended is doubled and the acquisition

of the result postponed by a year [Fisher, 1934].

In the experiment to be described a uniformity test was superimposed on

a variety trial. The loss of a season was thereby avoided, and the accuracy of the

comparison between variety and uniformity plots increased by the elimination of

seasonal differences.

In the course of a study, by the Baroda State Department of Agriculture, of

methods of avoiding the damage to the cotton crop of Gujerat by root-rot disease,

the authors were consulted as to the best method of testing the disease resistance

of a number of selections from Gujerat varieties and from cultivators’ fields in

affected districts. Only a limited amount of land known to be heavily infected

with the disease was available for experimental purposes, and inspection of data

from nomreplicated progeny row tests carried out in 1933-34 led to the conclu-

sion that considerable variations in the intensity of attack might be expected within

the area.
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For the 1934-35 crop the material was divided, into two experiments :

—

655

(I) Strain No. 8

Strain No. I 32/24

Strain No. I 65/12

(A) 1
(B) > Selections from the standard variety

(C) J Broach 9.

(2)

District samples (F)

Broach 9 survivals (G) Survivors from root-rot infested fields.

.Karakhadi survivals, (K)
,J

Rozi and Broach '9, two Gujerat varieties, were included in hoth experiments.

Each experiment was laid out in two 6x5 Latin squares, with 24 ft.x25 ft. plots.

In each plot there were 8 rows 25 ft. long, each row containmg 25 plants one foot

apart. Of the 8 rows, alternate rows were sown with the susceptible control variety,

Broach 9, giving four rows of control and four rows of the strain under test in each

plot. In Broach 9 plots, of course, all 8 rows were of the same variety. Two
rows of Broach 9 were sown, all round the experiment as guard rows. The experi-

ments were sown in May, six weeks before the onset of the monsoon, as it is known
that the intensity of root-rot attack is much higher with early-sown than with

rain-sown crops.

Deaths from root-rot were recorded row by row at intervals throughout the

crop period. At the conclusion of the experiment percentage deaths were cal-

culated separately for the control and varietal rows in each plot.

The rows of Broach 9, distributed in each plot in the same way as the rows

of the strain under test, were expected to sample the same intensity of the disease

as the strain, and the plot-to-plot variation in mortality in the strains was there-

fore adjusted for the mortality in the control rows by the application of the analysis

of covariance.

The analysis of the results was carried out in four stages

(1) Analysis of variance of percentage deaths in variety rows in all plots.

(2) Analysis of variance of percentage deaths in control (Broach 9) rows

in all plots.

(3) Analysis of covariance of percentage deaths in variety and control

rows in the same plots.

(4) Analysis of variance of percentage deaths in variety rows adjusted by
the covariance method for the mortality in control rows.

In Table I are given mean squares for error and for variety differences before

md after adjusting for the covariance pf control and variety mortality.
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Table I

Crude and adjusted mea/n squares due to error and to variety differences

Latin square

Mean
percentage
mortality

in

control

Error mean
square

Variety mean
square

Standard error
percentage of

mean

Crude
i ,

Adjusted Crude Adjusted Crude Adjusted

I-a . . . 65-3 179-0 98*6 1824*2 1559*5 11*6 8*6

I-b ,
. 63-5 151*9 68-8 1328*

2

818*2 11*3 7-*:6

n-a . . • 71’9 84-3 44*4 3305*7 2373*2 8*2 6-9

n-b . . . 45-4 119-7 88*5 698*2 714*0 16*6 13-4

In squares and Il-atlxe mean square for error is reduced by the adjust-

ment to approximately half the crude value. In square Il-b the reduction in mean

square is only about 25 per cent. In the first three squares the mean mortality

in Broach 9 control rows was from 63 to 72 per cent, while in square Il-b it was

only 45 per cent. The efficiency of the method of covariance in reducing the error

mean square depends upon the accuracy with which the control rows sample the

disease intensity to which the variety rows are exposed. The data from square

H-b indicate that with a lower disease intensity the agreement between variety

and control rows is considerably reduced. This is illustrated by dividing the error

sum of squares before adjustment into the parts contributed by
: (1) regression of

variety mortality on control mortality and (2) deviations from regression. Figures

are given in Table II.

Table II

Analysis of error sum of squares

Latin square

’;.;v Degree® of
freedom

I-a I-b II a Il-b

Stun of
squares

Mean
square

Sum of
! squares

1.

: Mean
’ square

Sum of
squares

Mean
square

Sum of
squares

Mean
square

. , . 1

1 1 1068 1068 1066
1

i 1066
1

.

1

524 524 463 463

DefTiaUons Itom x^resslon '

. 1%
'

9S*e 757 68-8 488 44*4 974 88*5

1828
!
-

.

1012 1437

1
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In squares I-a,I-b, and Il-a half or more than half of the original error sum of

squares is accounted for by regression and half or less than half by deviations from

regression, whereas in square Il-b only about one-third of the original sum of squares

is absorbed by regression, leaving two-thirds to deviations from it. The regression

coefficients are in all cases significant.

When the experiments were laid out in pairs of Latin squares it was intended

to combine the data from squares containing the same strains in order to improve

the accuracy of comparison. Unfortunately, owing to an error, the same ran-

domizations were used for both squares in the same pair, so that combination

of the data is not strictly permissible. In order to obtain a comparison of the

relative efficiency of doubling the number of plots, and of using the covariance

of control rows with variety rows, in reducing the error variance, combined

analyses were, however, calculated. Figures for standard errors per cent of

means of five plots (variety rows only) in single squares and of ten plots (variety

rows only) in combined squares are given below

Latin square

Mean of 5
plots

L .

Mean of 10
plots

Not
adjusted

Adjusted
|

Combined
: not

adjusted

I-a . 1L6 8-6 v
1 8-1

I-b , . 11‘3 7*6
J

tl-a . 8*2 5*9
I
V 7-8

Il.b . ,, 15*6 ... 13*4 I

The covariance method has, on the average, given approximately the same
statistical advantage as doubling the number of plots. It gives an advantage

not given by doubling the number of plots in providing a local control where the

attack of the disease is distinctly patchy. With independent randomizations

in the pairs of squares, advantage could have been taken of both methods of re-

ducing error.

The method of distributing control rows of a common variety through a

series of variety plots is one to be used with discretion. Quite clearly, it cannot

be used in yield-tests where varieties of considerably different habits of growth

are under trial. It appears to have, however, very definite possibilities in test-

ing a number of strains of rather similar growth habit, especially for characters.



such as disease resistance. It should have a particular appeal to the plant

-

breeder, who is often confronted with the need for making accurate comparisons

between strains of which he has very limited amounts of seed.

SUMMABY

An experiment in an investigation of the resistance of cotton strains to

root-rot disease is described, in which alternate rows of all plots were sown with

a uniform control strain/

Details are given of the application of the method of covariance to the

data obtained.

The error variance was in general reduced to about one-half by adjxistment

for the covariance of control and variety rows, giving the same advantage as

would be obtained by doubling the number of plots.

The scope and advantages of the method are briefly discussed.
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I. Intboduotiok

The observations embodied in this paper are mainly confined to the classi-

fication of the cultivated Indian mustards into agricultural types. While examin-
ing the botanical characters of the cultivated Indian mustards grown from seeds

from different parts of India in connection with their breeding work on the crop,

the authors felt the necessity of such a classification* The previous workers
had either touched only their botanical characters or grouped them into agricul-

tural types in an imperfect maimer.

(
659 )
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Praia [1896], in his note on the mustards cultiyated in Bengal, dealt with

their botanical aspect only and classified them into species and varieties.
: His

classification is valuable and is the only- one of its kind on cultivated mustards.

As it is, however, confined mainly to the crops grown in Bengal—the area now

covered by the provinces of Bengal and Bihar and Orissa'—it fails to be of much

help in the classification of mustards cultivated in India as a whole. Besides,

being a purely botanical classification, it cannot be used with advantage in the

identification and isolation of numerous agricultural types which are so very

common in mi and
,

Howard, Howard and Khan [1916] have discussed the biology of the mus-

tards, and their observations form a valuable contribution to the study

of this crop. Their classification of jtmcea into agricultural types

affords useful information ;
but at the same time it clearly shows the difficulties

of grouping all the cultivated Indian mustards into a definite scheme. They

have remarked that the labour of reducing them (mustards) to paper is so great

that no effort has been made to accomplish this exceedingly difficult task”.

The authors are fully conscious of these difficulties and feel rather diffident of the

result of their attempt. They have however endeavoured to present, in this

paper, a scheme of classification which they hope wffil be helpful to the workers

on this crop.

The authors obtained from different parts of India a large collection of seed

samples of B, nigra Koch (Benarasi mi), B. rugosa Prain (Pahadimi), B.

H. f. & T. (mi), B. dampistris L, {sarson), B. napus L, (tori), and the pure lines

isolated from the plants grown from these samples provided them with suffi-

cient material for their work.

In this work, the classification of Prain has been fully taken into account and
the changes that have been made in his nomenclature of varieties are with a View

to make their names more suggestive of the principal distinguishing characters.

The authors are indebted to Messrs. C. E. Parkinson and M. B. Biswas for

facilities to study the herbarium specimens of mustards at the Forest Eesearch

Institute, Dehra Dun, and the Royal Botanical Gardens, Calcutta,' respectively,

to Dr. F. J. F. Shaw for criticism and advice and to Dr. S. P. Agharkar and Mr.

P. K. Dey for helpful suggestions.

II. General elan of classification

Five species of cultivated Brassicas

—

B, nigra Koch, B* rugosa Prain, B.

„ mncm H. f. & T., B. campeMris L. and B. napus L.—are dealt with in this note..

B. nigra (Benarasi rai) and B. napus (tori) are almost self-sterile and widely

cross-pollinated in nature. Among the plants raised from the seed samples of

these two species, received from different parts of India, differences pertaining
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to height and maturity, shape, size and colouration of the leaves, mode of branch-

ing, size and colour of the flowers were well marked
;
but owing to their self-

sterility and cross-pollination under natural conditions it was not possible to

fix varieties or agricultural types of these species.

B, rugosa (Pahadi rai) is grown as a vegetable in the Kumaon hills. Its

seed, it is reported, is also crushed for oil on a small scale for local consump-

tion
;
but it does not enter the trade in oil-seeds. As the crop is not of any im-

portance in the agricultural industry, no attempt was made to fix its varieties

or agricultural types.

B, juncea (rai) has been divided on the basis of hairs into two varieties

—

Hirsuta and Olahra, These are further subdivided into eleven agricultural types,

eight under Hirsuta and three under Glabra, based on the time of maturity,

height, branching, form of the leaf and colour of the seed-coat.

B. campestris L. (sarson) has been divided on the basis of the habit of the

fruit into two varieties

—

Erectisiliquosa with ascending pods and Pronisiliquosa

with pendant xiods. Each of these varieties is subdivided into two groups

—

(1) 2-valved and (2) 3-4-valved. These groups are further classified on the basis

of height, presence or absence of hairs on the stem and leaf, colour of the

flower, shape of the fruit and colour and markings of the seed, into agricultural

types—thirty-two under Erectisiliquosa and three under Pronisiliquosa.

The Pronisiliquosa Type 83 with 2-valved pendant pods is based on the

herbarium specimens from the Royal Botanical Gardens, Calcutta. It has

been included in this note to make this classification somewhat complete.

Ill, Key to the mustards

I. Pods appressed to the axis . . • •

II. Pods spreading or semi-appressed to the axis.

A. Pods cylindrical and beaded ; and leaves tapering to

the base.

{a) Leaves at the base persisting and forming a cluster.

Stem scape-like . , . . . .

(6) Leaves at the base withering and not clustered.

Stem normally branched . . . .

(1) Leaves hairy . . . . .

jB. nigra,

B. rugosa.

B.juncea,

jB. juiieea var. Hir*

suta.

Pods spreading.

(i) Flowers lemon-yellow.

(a) Margins of leaves green.

Tall, late • .

Tall, intermediate in maturit^^
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Intermediate in height and maturity Types. :

Intermediate in height but early Type 4.

'

Short, early .... Type 5.

(P)
Margins of leaves purplish.

Short, early . . . . Type 6.

(ii) Flowers picric-yellow.

Short, early . Type?.

Pods semi-appressed to the axis.

Short, early . . . . . . Type 8.

(2) Leaves glabrous . . . . . . 5. juncea var.

Olabra,

i. Pods spreading ; flowers lemon-yellow ;
mar-

gins of leaves green.

Tall, late . . . . . Type 9.

Intermediate in height and maturity Type 10.

Intermediate in height but early , . Type 11.
,

. Pods ascending or pendant, 2-4-valved. Stem-

leaves auricled and stem-clasping . B, campestris.

(a) Pods ascending . . . . •B. campestris ysijT»

ErectmUqmsa,

(1) Pods flat and 2-valved.

i. Flowers yellow ; seed yellow.

(i) Plants hairy.

(a) Tall and late in maturity.

Lamina portion connecting the terminal

lobe and uppermost lateral lobes folded

inwards . ... Type 1.

Lamina portion connecting the terminal

lobe and uppermost lateral lobes broad

and fiat Type 2.

(P) Tall and intermediate in maturity.

Lamina portion connecting the terminal

lobe and uppermost lateral lobes folded

inwards Type 3.

Lamina portion connecting the terminal

lobe and uppermost lateral lobes broad
and flat • , . , . .

'

Type 4,
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(7) Intermediate m height and late in

maturity.

Lamina portion connecting the terminal

lobe and uppermost lateral lobes flat , Type 5.

Lamina portion connecting the terminal

lobe and uppermost lateral lobes irre-

gular . . • . . . Type 6.

(6) Lltermediate in height and maturity.

Lamina portion connecting the terminal

lobe and uppermost lateral lobes narrow

and flat . . . • . . Type 7,

Lamina portion connecting the terminal

lobe and uppermost lateral lobes broad

and flat . . . . . . Type 8.

(8) Short and early in maturity.

Lamina portion connecting the terminal

lobe and uppermost lateral lobes broad

and flat . . . . . • Type 9.

(li) Plants glabrous.

Tall, late . . , . . . Type 10.

Intermediate in height and maturity . Type IL
Intermediate in height, early . . . Type 12.

Intermediate in height, late . . . Type 13.

Short, early . . . . . . Type 14.

a. Flowers yellow ; seed brown.

(a) Pods broad. -

Intermediate in height and maturity . Type 15.

Short, intermediate in maturity . . Type 16,

Short, early . . . . . . Type 17.

(P) Pods narrow.

Short, intermediate in maturity « . Type 18.

Hi, Flowers naphthalene-yellow
; seed brown.

Short, early . . . . . . Type 19.

Intermediate in height, late , . . Type 20.

(2) Pods cylindrical and 2-valved.

i. Flowers lemon-yellow
; seed yellow.

Intermediate in height, early . . . Type 21.
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ii» Flowers yellow ; seed brown.

(i) Leaves at the base not clustered. Stem

normally branched.

(a) Plants hairy.

Late in maturity. Pods not beaded » Type 22.

Intermediate in maturity. Pods

slightly beaded . . . , Type 23.

(p) Plants glabrous.

Intermediate in maturity . . . Type 24.

(ii) Leaves at the base clustered. Stem

scape-hke.

Intermediate in height, late . . Type 25.

(3) Pods angled and 3-4-Yalved.

i. Flowers yellow ;
seed yellow.

(i) Late in maturity.

Pods much inflated . . . . Type 26.

(ii) Intermediate in maturity.

(a) Beaks medium.

Pods slightly inflated v • ’ Type 27.

Pods very much inflated . . . Type 28.

(^) Beaks long.

Tall
;
pods slightly inflated . • . Type 29.

Intermediate in height
;

pods much

inflated . . . . . Type 30.

(X) Beaks short.

Intermediate in height
;

pods much

inflated . . . . . Type 31.

a, Flowers naphthalene-yellow ;
seed yellow.

Short, early

(6) Pods pendant ....... Type 32.

B, cami^estris var.

Pronisiliquosa.

(1) Pods flat and 2-valved.

i. Flowers yellow ;
seed yellow.

Short, early Type 33.

(2) Pods angled and 3-4-valved.

i. Flowers yellow ;
seed yellow.

Tall, late Type 34.

Short, early Type 35.

0. Pods ascending^ 2-valved, cylindrical and beaded.

Stem-leaves auricled and stem-clasping . . B, napns.
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IV. Desobiftion of species aeb theib vabieties

Brassica nigra Koch. {Benarasi rai, Mohari, Asal rai, Mulfani rai)

This is a cold-weather crop grown to some extent in the United Provinces,

Madras, Punjab and the North-West Frontier Province. Plants erect or bushy,

very small-seeded, self-sterile, maturity of seed between 130 and 165 days. Height

120-250 cm. Stem slightly glaucous and green, branching usually above the

base. Axillary angle between branches and the main axis 35° (Jooreasing upwards

to 20°. Stem-leaves non-stem-clasping, stalked, bristly hairy, lobed or pin-

natiseot, with lobes further incised in some cases, forming a cluster at the base,

light or deep green, midrib white or purplish, margins undulated and dentate,

13-36 cm. long and 8-11 cm, wide. Leaves on floral shoots stalked, hairy, lanceo-

late, margins entire, 12-5 cm. long and 18-5 mm. wide. Inflorescence corymb,

elongating into a raceme 50 cm. or more long. Bracts and bracteoles present

in some plants. Pedicel 6-8-5 mm. long. Calyx light green and spreading in

the young condition and picric-yellow and closed in the opened flowers. Sepals

boat-shaped and hooded, 4 mm. long and 1 mm. wide. Corolla 1*2-1 *5 mm.
long, membranous and with a yellow midrib. Limb ohovate or rounded with

or without a notch at the apex, 4-5 mm. long and 3-4 mm. wide. Petals dis-

tinctly less broad than in other species. Stamens distinctly oveitopping the

stigma which just touches the base of the anthers. Outer stamens 4-5 mm. long.

Inner stamens 5-6 mm. long. Ovary 2-3 mm, long. Style 1-1*5 mm. long.

Stigma lemon-yellow and broad. Fruits cylindrical, beaded, 2-3 cm. long in-

cluding stalk and beak, and appressed to the axis. Stalk 4-6 mm. long and beak
1-2 mm. long. Seed very small, ovoid, faintly rugose, brown.

Brassica rugosa Prain {Pahadi rai)

Grown in the cold weather as a vegetable in the Kumaon hills. Root slender

and tapering. Stem scape-like, stout, 100-125 cm. high with branches as high

and forming a pyramidal head 25-35 cm, across. Radical leaves forming a

cluster, ovate, narrowed to the base, not stem-clasping, thick, crumpled, green

and glossy, bristly hriry, 40-70 cm. long, 14-30 cm. broad ; midrib white, thick,

deeply channelled
;
margins broadly dentate. Cauline leaves similar to radical

leaves in shape but smaller in size, and tapering to a stalk-like condition towards

the base, not stem-clasping, decreasing in size upwards. Inflorescence corymb,
elongating into a raceme 5-10 cm. long in the flowering condition and increas-

ing to 15-30 cm. during pod formation. Pedicels 5-7 mm. long, elongating to

1 cm. after fertilization. Sepals light green when young and changing to pale

lemon-yellow before falling, sub-erect, boat-shaped, hooded, 6-6 cm. long and
1 mm. broad. Corolla lemon-yellow, 1 cm. across. Petals 6-6*6 mm. long. Claw
3-3*5 mm. long. Limb 2 *5-3 mm. long and 2-3*5 mm. broad. Fruit 4-4*5 cm.
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long, cylincirical, 2-valve(i, beaded, containing 10-16, seeds ;
axillary angle between

fclie^pedicel and the floral axis' 20^-30°
;

stalk 740 mm, long ;
beak 7-8 mm.

long. Seed small, ovoid, brown, rugose, Mliim white.

Brassica juncea E..t 8oT, (OoJhna->sarson, Badskahi-Lai, Ehas-mi)

Boot very stout and tapering. Leaves lyrately-lobed and narrowed to

the base and not stem-clasping. Basal leaves quickly withering, green and a

little glaucous. Stem elongating from the commencement of the growth and

with purplish tinge at the nodes. Flowers lemon-yellow. Pods cylindrical,

beaded, smooth, spreading or semi-appressed to the stem. Beak short. Seed

dark brown or reddish brown or red, small and rugose.

Brassica juncea var. Hirsuta (Nova)

A oold-weather crop generally cultivated mixed with other crops through-

out India. Height 76 to over 250 cm. Stem glaucous and green
;
branched

from the very base or little above the base ;
axillary angle between branches

and the main axis 45® decreasing upwards to 30®. Stem-leaves hairy; stalk

stout, broadened at base, furrowed on the upper surface and cylindrical below,

iipto 8*5 cm. long ;
sinnuate lyrate, lobed or pinnatisect, lobes very unequal;

margin broadly toothed or serrate and uneven; apex obtuse; midrib white

and slightly furrowed on the upper surface ;
27-49 cm. long and 16-20 cm. wide.

Leaves on floral shoots stalked, small, triangular, lanceolate; margin entire;

apex acute
;

11*5-2 cm. long and 7-1*5 cm. wide. Inflorescence corymb, 1-2*2

cm. long. Sepals light green and closed in buds, and yellow and spreading in

the opened flowers, boat-shaped and hooded, 7 mm. long and 1*6 mm. wide.

Corolla 1*7-1 *8 cm. across. Claw membranous with a conspicuous yellow

midrib, 4-5 mm. long. Limb 7-8 mm. long and 6 mm. wide, lemon-yellow.

Outer stamens 6 mm. long and inner stamens 8 mm. long. Anthers recurved

after bursting. Ovary 5 mm. long, green
;

style 2 mm. long, green
;
stigma

lemon-yellow and capitate. Fruit spreading, 6*2 cm. long including stalk and
beak, beaded, and cylindrical. Stalk 1*7 cm. long and beak 1 *0 cm. long. Seed

spherical or ovoid, smaller than that of sarson distinctly rugose, brown, deep

brown or black.

Brassica juncea var. 2 Glabra (Nova)

A cold-weather crop, generally cultivated mixed with other crops in most
of the provinces in India. Height 135-205 cm. Stem glabrous, glaucous, green

i with or without a tinge of purple, branching from or above the base. Angle of

branching 46® decreasing upwards to 30®. Branches more or less of equal letigtln

Stem-leaves stalked, glabrous, green, sinnuate lyrate, 12-45 cm. long and 4-18

: cm. wide ; ,
margins bro^adly serrate^;: midrib grooved and purplish sometimes.
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Leaves on floral shoots glabrous, oblong-lanceolate to linear-laxiceolate, margins

entire, petiole witli narrow wings in continuation of tlie lamina,- 5 *2-5 cm. long .

and 7-1*5 -cm. wide. Inflorescence corymb, elongating into a raceme up to 60

cm. long. Pedicel up to 1 cm. Calyx light green and closed when young, and

pale lemon-yellow and spreading in opened flowers. Corolla lemon-yellow, 1*6-

1 • 7 cm, across. Claw 4 mm. long, membranous and witli yellow midrib. Limb

7-8 mm. long and 7 mm. wide. Outer stamens 6 mm. long. Inner stamens

8 mm. long. Ovary 3-3*5 mm. long. Style 2-3*6 mm. long. Stigma lemon-

yellow, broad and rounded, and flush with anthers in opened flowers before the

anthers burst. Fruit, spreading, 5-6 cm. long including beak and stalk and 4 mm.
broad, ridged along the replum and elliptical in cross section. Stalk 1*5 cm.

Beak 9-11 mm. long. Seeds of the same size as in Hirsuta and smaller than

that of ovoid, brown, with distinct black spot at the liiliim and very

rugose.

Bfdssica campestris L. {Sarson, Pivli rai, Banga Shwet rai, Bara sarson,

Pih sarson)

Eoot stout and tapering ;
leaves glaucous, dark green and hairy beneath ;

cauline leaves auricled and stem-clasping ;
radical leaves smaller than cauline

leaves and narrowed to the base and not stem-clasping ;
stem elongating from

the commencement of growth and with purplish tinge in some cases, branching

starting usually from the base
;
pods stout, 2-4-valved and spreading or semi-

appressed
; beak stout but short ; seed brown or yellow, smooth and bold.

Brassica campestris L. var. I, Erectisiliquosa (Norn), 2-valved

Plants belonging tothis variety formed the major portion of the crop raised

from sarson samples received from different parts of India and represent the

sarson crop in the United Provinces, Height 76-175 cm. Stem glabrous or

hairy, glaucous, green, branching from 6*10 cm. above the base. Stem-leaves

glabrous or hairy, 28-18 cm. long and 15-4 cm. wide ;
sinnuate lyrate, dark

green, stem-clasping
;
auricles rounded and extending half way on the opposite

side of the stem ; margins dentate. Leaves on floral shoots glabrous, glaucous,

dark green, triangular-lanceolate, stem-clasping, 11*6 cm. long and 3*5-2 cm.

wide; auricles rounded, surrounding the stem and overlapping
;
margins entire.

Inflorescence corymb, elongating into a raceme. Flower stalked
;

pedicel 1*2

cm, long. Sepals keel-shaped, hooded, green and spreading when young and pale

lemon-yellow and closed in opened flowers, 5 mm. long and 1*5 mm. wide.

Gorolla 1*5 cm, across. Claw membranous and pale lemon-yellow, 3 mm.
long. Limb lemon-yellow, 7 mm. long and 5 mm. wide. Filaments dull green,

6 mm. long in the outer stamens and 8 mm. long in the inner stamens.

Anthers yellow and recurved after bursting. Ovary stalked, style green and
stout, stigma lemon-yellow. Fruit 2-valved, ascending fl.at or cylindrical, 12*5
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cm. long including stalk and beak. Stalk 4*5 cm. long, and beak 2*5 cm. long.

Seed ovoid, yellow or brown, large or small, smooth or faintly rugose, hiliim dis-

.

tinct. ,

Brassica campestris. L var. 1, Erectisiliquosa (Nova), 3-4-valved

Numerous specimens of this variety were found amongst plants raised from

sarson seed samples which were received from the United Provinces, Bihar and

Bengal. Height 75-175 cm. Stem glaucous, green, branching from the base.

Stem-leaves hairy or glabrous, dark green, lyrately pinnatipartite, stem-clasping,

36-13 cm. long and.I2-4 cm. wide ; auricles rounded and extending half-way on

the opposite side of the stem
;
margins broadly dentate. Leaves on floral shoots

glaucous, dark green, glabrous, triangular-lanceolate, stem-clasping, 11-5 cm.

long and 3*5-2 cm. wide; auricles rounded, surrounding the stem, and over-

lapping
;
margins entire. Inflorescence corymb, elongating into a raceme, 18 cm.

long before pod formation and extending to 60 cm. after full development of the

pods. Flower stalked
;
pedicel 1*5-1 *8 cm. Corolla 1*75 cm. across. Sepals

keel-shaped and hooded, light green and spreading when young, pale lemon-yellow

and closed when fading
;
7*5 mm, long and 2 mm. wide. Claw pale lemon-yellow,

5 mm. long
;
limb lemon-yellow, 6 mm. long and 5 mm. wide. Stamens slightly

overtopping the stigma
;
filaments light green, 6 mm. long in the outer stamens

and 7 mm. long in the inner stamens. Anthers yellow and recurved after bursting*

Ovary stalked : style green and stout ; stigma lemon-yellow. . Fruit spreading

and 3-4-valved, 12 cm. long including stalk and beak, stalk 5 cm. long and beak
2*5 cm. Seed large, ovoid, smooth, yellow ; hilum distinct.

Brassica campestris var. Pronisiliquosa (Nova), 2-vahed

Height 130-175 cm. Stem glabrous, glaucous, green, branching from the

base. Stem-leaves glabrous, sinnuate-lyrate, dark green> stem-clasping
; 28-18 cm.

long and 15-4 cm. wide ; auricles rounded and extending half-way on the opposite

side of the stem ; midrib on the upper surface, white with its lower portion chan-
nelled ; margin broadly dentate with teeth blunt. Leaves on floral shoot oblong-

lanoeolate or lanceolate, glabrous, glaucous, dark green and stem-clasping
; auricles

rounded, surrounding the stem and overlapping. Inflorescence corymb, elongat-

ing into a raceme. Flower stalked; pedicel 1*2 cm.
; sepals keel-shaped and

hooded, green and sub-erect in young condition, and pale lemon-yellow and spread-

ing in opened flowers. Corolla 1 * 5 cm^ across. Petals clawed ; claw membranous,
pale lemon-yellow, 3-6 mm. long

; limb lemon-yellow, 7-8 mm. long and 5 mm.
^ wide. Filaments of outer stamens 6 mm. long and of inner stamens 7 mm. long,
i Anthers 2 mm. long. Ovary stalked. Style green, cylindrical and stout, 2 cm.

long. S%ma lemon-yellow and capitate. Fruit 2-valved, flat, pendant, 11 cm.
long including beak and stalk and 7 mm. wide. Stalk 2 cm, long

;
beak 3 cm,

long. Seed large, ovoid, ^’'ellow and smooth ; hilum distinct.
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Bfdssica campestris L. var. PronisUigwsd [Kovd), 3-4'-vahed

Nnmerous specimens of this variety were found amongst plants raised from

seed samples received from the United Provinces and Bihar.

Blower stalked, pedicel up to 2* 3 cm. Sepals 5 mm. long and 1 mm. wide.

Gorola 1*4 cm. across. Petals 8 mm. long; claw membranous with central

portion yellow ;
limb lemon-yellow, 5 mm. long and 4 mm. wide. Fruit pendant,

3-4-valved, up to 10-12 cm. long including stalk and beak. Seed large, ovoid,

yellow and smooth. Vegetative and other floral characters are almost the same

as in var. 3-4-valved.

B^asmca napus {Tori, Toria^ Lai, Dain, Laita, Sada rayee, ShursM, Sanchi,

Kale aarson)

Largely grown in the Punjab, Bengal, Assam and the submontane tracts of

the United Provinces. Plants shortest amongst the Indian mustards and almost

self-sterile. Height 40-115 cm. Tap root slender and tapering. Stem, glaucous,

green, glabrous or hairy, with or without purplish tinge in the upper part. Branch-

ing usually from the base. Branches shorter than the main stem. Stem-leaves

sinnuate lyrate, dark green, generally glaucescent, glabrous or with few hairs

on the veins in some cases ;
33-13 cm. long and 13-6 cm. wide ; auricles rounded

and extending half-way round the stem, margins broadly dentate
;
midrib white

and grooved above. Leaves on floral shoots glaucescent, glabrous, triangular-

lanceolate, stem-clasping, 14-9 cm. long and 7-2 cm. wide, margins entire. In-

florescence corymb, elongating into a raceme. Pedicel usually glabrous or hairy

in those cases where stems bear scattered recurved hairs. Sepals green and

sub-erect when young and pale lemon-yellow and hooded. Petals clawed, lemon-

yellow. Stamens flush "With or overtopping the stigma. Style stout and green.

Stigma naphthalene-yellow. Fruit 2-valved, cylindrical and beaded or flat and
almost parallel to the axis, 11-4 cm. long. Seed smaller than that of sarson,

dark brown, rugose ;
hilum not distinct.

V* Distinguishing chabaotbes of the types of Brasbioa jurgea and
Brabhiga qa-mr-ebt-ris"^

1, Brassica juncea

Type I.—^Tall, late, robust ; branching from the base
; branches few ; leaves

large, very hairy, light green, crumpled, with terminal and lateral uppermost lobes

turned inwards at the points of incision ; flowers large ; sepals light green
;
petals

broad and lemon-yellow, pods spreading ; seed dark brown and rugose.

* Plants 75-130-cm, high are termed short, 130-160 cm. high intermediate, and
over 160 cm. tall. Plants maturing within 100-130 days are termed early, 130140
.days intermediate, and over 140 days late, -
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2.—Tall and intermediate in maturity ;
branching' above the base

;

leaves smaller and less hairy than in Type 1, dark green, not crumpled, with upper-

most incisions deep; flowers small.; sepals light green; petals lemon-yellow^

pods spreading ;
seed black and rugose.

Ty^pe S .
—^Intermediate in height and maturity ;

branching above the base ;

leaves less hairy and smaller than in Type 2, elongated, dark green, not crumpled,

with uppermost incisions deep ;
flowers small ; sepals light green

;
petals lemon-

yellow ;
pods spreading ; seed dark brown and rugose.

fype Intermediate in height but early
; branching above the base ’ leaves

less hairy and smaller than in Type 2, elongated, dark green, not crumpled, with

uppermost incisions deep ; flowers small ; sepals light green
;
petals lemon-yellow ;

pods spreading ; seed dark brown, rugose.

Type 5.—^Delicate ; very short, very early
;
branching above the base ; leaves

small, hairy, with incisions deep ; flowers very small, sepals light green
;
petals

iemon-yellow ;
pods spreading ; seed dark brown, rugose.

Type d.”—Short, early, delicate, purplish
;
branching above the base ; leaves

small, hairy, with margins dark purplish and folded inwards
;
flowers very small

;

sepals light green
;
petals pale lemon-yellow

;
pods spreading ; seed dark brown,

rugose.

Type 7.-—'Short, early, purplish, delicate, hairy
;
branching from the base,

branches many and shorter than the main stem, hearing both radical and cauline

leaves ;
radical leaves forming a cluster at the base, very hairy, deeply many-

lobed ; midrib and stalk purple ; cauline leaves very hairy, deeply many-lobed

;

leaves on the floral axis short, narrow, elongated, with margins entire or minutely

serrated ; flowers small, sepals purplish, petals picric-yellow, small, narrow and
veins at the base reddish

;
pod cylindrical, beaded and not much spreading ; seed

medium, ovoid, dull brown and faintly rugose

Type 5.—Short, early ; branching above the base
;
pods semi-appressed

;

other characters as in Type 3.

Type. 9—^Tall, late, robust ; branching above the base
;
leaves large, glabrous,

with upper incisions shallow ; flowers large ; sepals light green
;
petals broad and

lemon-yellow
;
pods spreading ; seed medium, brown, very rugose.

Type 10 .—^Intermediate in height and maturity; vegetative characters as

; in 9 ; flowers small, sepals Kght green
;
petals broad and lemon-yellow ; seed

hroTO

Type 11*—^Interinediatem height but early. Vegetative and floral characters

;
pin Type's, -h' .

; ,

‘
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2. Bmssica campestria

Type l.~Tall, late, robust, branching from the base and early ;
leaves largei

hairy, crumpled, dark green and shining, midrib white, terminal lobe rounded,

lamina portion connecting terminal lobe and uppermost lateral lobes folded in-

wards
;
flowers large

;
petals pale lemon-yellow; pods spreading, ascending, flat,

2-valved, long, broad, smooth; seed smooth, yellow, bold.

Type 2,—Tall, late, robust, branching from the base, and about the time of

formation of flower buds ;
leaves large, hairy, dark green and dull, expanded,

midrib white, terminal lobe oblong, lamina portion connecting the terminal and

uppermost lateral lobes broad and flat ;
flowers large

;
petals lemon-yellow

;
pods

spreading, ascending, flat, 2-valved, long, broad, smooth ; seed smooth, yellow^

bold.

Type 5.—Tall, intermediate in maturity, branching from the base, leaves

large, hairy, dark green and dull, fully expanded, midrib purplish, terminal lobe

ovate, lamina portion connecting the terminal and uppermost lateral lobes some-

what folded inwards ;
flowers large

;
petals lemon-yellow

;
pods spreading, ascend-

ing, flat, 2-valved, long, broad, smooth ; seed smooth, yellow, bold.

Type 4-—^Tall and intermediate in maturity, branching from the base
;
leaves

small, hairy, dark green and dull, expanded, midrib white, terminal lobe ovate

or oblong, lamina portion connecting the terminal lobe and uppermost lateral

lobes broad and flat ; flowers large
;
petals lemon-yellow

;
pods spreading, ascend-

ing, flat, 2-valved, long, broad, smooth ; seed smooth, yellow, bold.

Type 5.-—Intermediate in height, late, robust, bushy, branching from the

base and early; leaves large, hairy, somewhat crumpled, dark green and dull,

midrib white, terminal lobe ovate, lamina portion connecting the terminal lobe

and uppermost lateral lobes irregular and flat, flowers large
;
petals lemon-yellow ;

pods spreading, ascending, flat, 2-valved, long, broad, smooth
; seed smooth, yellow

bold.

Type 6,—Intermediate in height, late, robust, branching from the base; leaves

large, hairy, dark green and dull, somewhat crumpled, midrib white, terminal
lobe ovate, lamina portion connecting the terminal lobe and uppermost lateral

lobes irregular; flowers large, petals lemon-yellow
;
pods spreading, ascending,

flat, 2-valved, long, broad, beaded, beaks long
;
seed smooth, yellow, bold.

Type 7.—Intermediate in height and maturity, robust
; branching from the

base ;
leaves small, hairy, dark green and dull, expanded, midrib white, terminal

lobe ovate, lamina portion connecting the terminal lobe and uppermost lateral

lobes very narrow and flat
;
flowers small

;
petals lemon-yellow

;
pods spreading,

ascending, flat, 2-valved, long broad, smooth ; seed smooth, yellow, hold.

’^Plants 75-120 cm. high are termed short, 120-150 cm. high intermediate and
150-175 cm. tall. Plants maturing within 100-130 days are termed early, 130-140
intermediate, and 140-150 days late.
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Tfpe 5.—^Intemiedl,ate in height and maturity, stem purplish; branching

from the base, main shoot and branches flowering simultaneously
; leaves deep

green, hairy, dull and expanded, terminal lobe triangular, lamina portion con-

necting the terminal lobe and uppermost lateral lobes broad and flat
; flowers

large
;
petals lemon-yellow, pods spreading, ascending, flat, 2-valved, long, broad

smooth ;
seed smooth, yellow, bold.

Type 9.—Short, early, stem thin, delicate and purplish
; branching from the

base ;
main shoot and branches flowering simultaneously

;
leaves deep green, duU

and expanded, terminal lobe elongated and ovate, lamina portion connecting the

terminal lobe and uppermost lateral lobes broad and flat
; flowers small

;
petals

picric-yellow ;
pods spreading, ascending, flat, 2-valved, short, narrow, smooth,

and not much spreading ;
seed smooth, yellow, bold.

Type Id.—Tall, late, robust ; branching late and about the time of forma-

tion of flower buds ;
leaves large, glabrous, dark green, dull and expanded, mid-

rib white, terminal lobe oblong, lamina portion connecting the terminal lobe

and uppermost lateral lobes broad and flat ; flowers large
;
petals lemon-yellow;

pods spreading, ascending, flat, 2-valved, broad, smooth
; seed smooth, yellow,

bold.

Type il.—Intermediate in height and maturity, branching late and about

the time of formation of flower buds ; leaves medium in size, glabrous, deep green,

dull and expanded, midrib purplish, terimnallobe triangular or ovate and elon-

gated, lamina connecting the terminal and the uppermost lateral lobes broad and

flat; flowers large, petals lemon-yellow; pods spreading, ascending, flat, 2-

valved, long, broad, smooth ;
seed smooth, yellow, hold.

Type 12 ^—Intermediate in height, early ; other characters as in Type 11.

Type IS.—^Intermediate in height, late
; leaves large glabrous, deeply lobed,

succulant, emerald green and glossy, terminal lobe large, ovate to rounded;

flowers large
;
petals lemon-yellow

;
pods spreading, ascending, flat, 2-valved,

spreading, long, narrow, smooth ; seed smooth, yellow, bold.

Type 14.—Short, early, glabrous ; stem thin, delicate, purplish
; branching

from the base, main shoot and branches flowering , simultaneously
;
leaves small,

glabrous, green, dull, and expanded, terminal lobe elongated and triangular,

lamina portion connecting the terminal lobe and uppermost lateral lobes broad

and flat ; flowers large
;
petals lemon-yellow

;
pods spreading, ascending, flat,

2-valved, long, broad, smooth, inflated when mature ; seed smooth, yellow,

bold.

Intermediate in height and maturity, hairy ; stem stout and pur-

plish
;
branching from the base and late ; leaves large, deeply lobed, deep green

and dull, midrib purplish, terminal lobe broadly ovate ; flowers large, petals lemon-

yellow, pods spreading, ascending, flat* 2-valved, long, beaded, broad ; seed faintly

rugose, brown, bold.



CLASSIFICATION OF CULTIVATED INDIAN MUSTABDS 0^1

Type 1$,

—

Short, intermediate in maturity, glabrous ; stem purplish ; brandl-

ing above the base, main shoot and branches flowering simultaneously ;
leaves dark

green and dull, terminal lobe triangular
;
flowers large, petals lemon-yellow

;
pods

spreading, ascending, flat, 2-valved, long, broad, smooth, dull green, semi-appress-

ed ; seed smooth, brown, bold.

Type i7,~“Short, early, glabrous
;

stem purplish
;

leaves entire, emerald

green and glossy
; flowers large, petals pale lemon-yellow, pods spreading, ascend-.;

ing, flat, 2-valved, long, broad, smooth ; seed smooth, brown, bold.

Type 18,—Short, intermediate in maturity, glabrous ; lower leaves irregularly

lobed
;
flowers large, petals lemon-yellow, pods narrow, short, shining, not much

spreading, ascending, flat, 2-valved
;
seed smooth, brown, bold.

Type 19,—Short, early and glabrous; stem delicate purplish ;
branching

above the base, main shoot and branches flowering simultaneously ;
leaves run-

cinate, succulent, deep green and dull, margin entire
;
flowers small

;
petals naph-

thalene-yellow, pods spreading, ascending, flat, 2-valved, long, broad, smooth,

semi-appressed
;
seed faintly rugose, brown, bold.

Type 20 .-—Intermediate in height, late, robust, glabrous ;
stem purplish

;

branching from the base but late
;
leaves large, slightly succulent, deep green

and glossy, irregularly deeply lobed, slightly crumpled, midrib purplish, terminal

lobe broadly ovate, lamina portion connecting the terminal lobe and uppermost

lateral lobes broad and flat
; flowers small petals naphthalene-yellow, pods spread-

ing, flat, 2-valved, long, very narrow, beaded
; seed faintly rugose, brown,

bold.

Type 21,—Intermediate in height, early, glabrous
;
leaves large, succulent,

pale green and dull ; flowers very large
;
petals lemon-yellow

;
pods spreading,

ascending, cylindrical, 2-valved, long, slightly beaded
; seed small and smooth,

yellow.

Type 22 ,—Intermediate in height, late and hairy
;
leaves large, lyrate, light

green and glossy, terminal lobe rounded
; flowers large; petals lemon-ydlpw

;

pods long, not beaded, spreading, ascending, cylindrical, 2-valved ; seed faintly

rugose, brown, small.

Type 2^.—Intermediate in height and maturity and hairy
; stem purplish,

branching from the base, main stem and branches flowering simultaneously
;

leaves lyrate, green and dull
; flowers small

;
petals lemon-yellow

;
pods spread.-

ing, ascending, cylindrical, 2-valved, long, slightly beaded
;
seed small, faintly

rugose, brown.

Type 2i.—Intermediate in height and maturity, robust and glabrous ; leaves

large, irregularly deeply lobed, light green, terminal lobe elongated and ovate
other characters as in Type 22. '

.

-
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r?/|?e 25,—Intermediate in height, late, very hairy ;
radical leaves forming

clusters, deep purple, bristly hairy ;
flowering shoot purplish, hairy, scape-like ;

'

flowers large
;
petals pale lemon-yellow

;
pods spreading, ascending, cylindrical,

2-valved, long, beaded; seed small, smooth, brown.

Type 26.—^Intermediate in height, late, robust, purplish, hairy
; branching

from the base, main shoot and branches flowering simultaneously
; leaves

succulent, deep green and dull, midrib purplish, terminal lobe oblong-ovate
;

Bowers large
;
petals lemon-yellow

;
pods spreading, ascending, 3-4-valved, long,

inflated ; beaks long ; seed faintly rugose, yellow, bold.

Type 27.—Intermediate in height and maturity, robust, purplish, hairy
;

branching from the base ; leaves large, oblong-ovate, deep green and dull, midrib

purplish ; flowers large
;
petals pale lemon-yellow

;
pods with short stalks, slightly

inflated, spreading ;
ascending, 3-4-valved

;
seed smooth, yellow, bold.

Type 25.—Pods with long stalks, very much inflated
;
other characters as in

,

Type 27.'

Type 29.—Tall, intermediate in maturity, purplish, glabrous
; branching

from the base ; leaves small, green and dull, terminal lobe ovate
; flowers large

;

petals pale lemon-yellow; pods spreading, ascending, 3-4-valved, long, slightly

inflated ;
beaks long

;
seed smooth, yellow, bold.

Type 5^.—Intermediate in height and maturity, purplish, glabrous
; branch-

ing above the base, main stem and branches flowering simultaneously
; leaves

'

small, light green and dull, terminal lobe ovate
;
flowers large

;
petals lemon-

yellow
;
pods spreading, ascending, 3-4-valved, long, much inflated

; beaks long ;

seed smooth, yellow, bold.

Type 31.—^Intermediate in height and maturity
;
pods very much inflated

;

beaks short ; other characters as in Type 29.

Type 32.—^Short, early, robust, purplish, glabrous
;
branching from the base

and early ; leaves large, green and dull, terminal lobe oblong-ovate
;

petals naph
thalene-yellow

;
flowers small

;
pods long, spreading, ascending, 3-4-valved, inflated

;

beaks long ; seed smooth, yellow, bold.

Type 33.—Short, glabrous, early
; leaves deep green and dull

; flowers large ;

petals lemon-yellow
;
pods long, pendant, flat, 2-valved, broad, smooth

; seed

smooth, yellow, bold.

Type 34.—TaU, late, robust, purplish and hairy, branching from the base
and early ; leaves large, dark green and dull, terminal lobe rounded ; flowers large ;

petals lemon-yellow
; pods very long, pendant, 3-4-valved, inflated and with long

stalk ; seed smooth, yellow, bold.

Type 35.—Short, early, robust, purple, glabrous, branching above the base
and late ; leaves large, green and dull, terminal lobe oblong-ovate

; flowers large,

petals pale lemon-yeUow
j
pods long, pendant, 3-4-valved, inflated, beaded;

beaks long ; seed smooth, yellow, bold.



CLASSIFICATION OF CULTIVATED INDIAN MUSTARDS ":'575

VI. SUMMABY

1

.

A general plan of the classification of cultivated Indian mustards, belonging

to Bmssica nigralLoGh.^ Brassica rugosa Prain, Brassica juncea H. f. & T,y BrafSsica

campestris L. and Brassica napus L. is presented.

2. A key to the mustards is worked out.

3. The species and their varieties are described and the distinguishing

characters of the tj^pes of Brassica juncea and Brassica campestris are given.

4. A few observations on the method of sowing, flowering and pollination

are recorded in Appendix I.

5. The localities from where the original seed samples were obtained are

noted in Appendix II.
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VIIL Appendix I

ObSBBVATIONS on THB method of sowing, flowering AND POLLINATION

The biology of the mustards has been adequately described by Howard, Howard
and Khan [1915] and observations in this paper are confined to a few additional

remarks which may be useful to scientific workers on this crop.

Mustards, especially Brassica nigray do not tolerate deep sowing. When
sown in deep furrows made by the plough, they do not germinate! uniformly.

The best results are obtained by sowing the seeds in shallow furrows 1-2 inches

deep. Germination in this case is very uniform and quick.
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The time of flowering and maturity varies in different mustards. Tliougli

they were ail sown on the same date (16th. October), the to'^i and soine of the

early types ofrG® were the first to mature. The tori plants hegan to flower from

the 14th November when they were only about 9 inches in height and became

ready for harvesting from the 1st February . Some of the types of rai (Types 5,

6 and 8) ripened early and were harvested about the same time as fon. The

mrson varieties were next to mature. They commenced flowering from the 25th

November and some of the early types (Nos. 9, 14, 19, 21, 32, 35) were ready for

harvesting about the 7th February. The late types rai and sarson took about

140-150 days to complete their growth. Brassica rugosa was the last to mature

amongst the mustards. These plants flowered abdut the same time as late rai

Mid sarson but were not ready for harvest before the end of March.

A number of plants belonging to B. nigra (Benarasi rai), B, rugosa (Pabadi

fai)s.ndB,jmicea {Rai),B, com^peMris {sarson), B, napus (Tori) were bagged to

obtain self-pollinated seeds and also to study the extent of natural cross-pollina-

tion in these plants. In tori and Benarasi mi only a few seeds were obtained from

each of the bagged plants which shows that these mustards are almost self-sterile

and natural cross-pollination predominates in them. On the other hand the

bagged plants of sarson and rai form seeds freely and appear to be naturally self-

pollinated. A certain amount of cross-pollination would, however, be expected

in these mustards through the bees which visit the flowers in large numbers.

IX. Appendix II*

Places from where the original seed samfles were obtained

1. Brassica nigra

North-West Frontier Province :—^Peshawar, Tarujabba 365, 366. Punjab :

—

Lyallpur 546. United Provinces :—Etawali 544 ;
Moradabad, Bilari 550 ;

Jaun-

pur 551 ;
Pilibhit 359, 360 ; Atraula 543 ;

Bareilly 545 ;
Mirzapur 352, 353, 374.

Madras :—^Bezwada, Earishna-Lankas 547 ; Krishna, Chalapalli 548 ; Ganjam,

Berbampur 549.

2. Brassica rugosa

United Provinces :—^Kumaon bills, Almora 716, 717, 718.

i
3. Brassica juncm

Type 1.—^Punjab —^Lyallpur 518, 619. United Provinces:—Sitapur 493,

494 ; Mirzapur 496, 497, 554 ; Aligarh 495, 553 ; Bahraich 506, 508 ; Allahabad

642;'Ei^yrali 605' ;:Kuna 514 y Bengal :~Maida 581 ; Dacca 534, 675. Bom-
bay Gujrat, Dao (Dolka) 507* Madras :—Ganjam, Berbampur 520.

The numbeiB refer to the herbarium slieots and the names of places to the sources

from which the original seed samples were obtained.
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Type 2 .—United Provinces Benares 510, 511 ;
Eyzabad 512, 613 ;

Bahraich 504 ;
Knlpahad 623 ; Mainpnri 529, 530. Biiiar and Orissa :~Sabonr

524. BengaL:—Tipperab 536.

Type 3.—United Provinces Partabgarb—Barwa market 498, 499 ;
Maboli

500, 501 ; Gonda 502, 503. Bihar and Orissa :—Sabour 525 ;
Patna 537.

Type 4.'—Bihar and Orissa :—-Saboiir 526. Bengal .‘—Dacca 534, 575 ;

'

Barisal 516,517. Madras :—Ganjam, Aska 521.

5.—Bengal :—Eangmati 535 ;
Twenty -four Parganas, Barasat 540,

,54L

Type 6 *—Bengal :—^Chittagong, Ramn 538, 539.

7.—Punjab .—Lyallpur 719, 720, 7,24.

Type 8.—Bengal :—Rangpur 533.

P.—Punjab :—Lyallpur 568, 569. United' Provinces Benares 563 ;

Eyzabad 564, 565 ;
Aligarh 578 ;

Rura 507. Bengal :—Maida 574.

'

Type i6>.—United Provinces :—Partabgarh, Barwa market 555, 556, 558.

Madras —Ganjam, Berhampur 570, 571.

Type II.—United Provinces :
—^Partabgarh 552 ;

Maholi 559, 560, 661 ^ 562 ;

Eyzabad 566 ; Jaunpur 677.
:

Bihar and Orissa Patna 576.
,

Madras Ganjam,

Aska672, 673.
,

4. Brassica campestris

Type L—^United Provinces ;—^Aligarh 582, 683.

Type 2.—^United Provinces :-*-Rura 599, 600.

Type 3,—Punjab:—^Lyallpur 616, 616.

Type 4.—United Provinces :—Atarra 603 ;
Knlpahad 619 ; Hardoi 626, 627#

628,629.

Type 5.—^United Provinces Etawah 593, 594.

Type 6.—United Provinces :—Cawnpore 601.

Type 7 .—Bombay :—^Ahmadabad, Paranty 609, 610.

Type 8 -
—^United Provinces :—Mirzapiir 584, 585 ;

Allahabad 605, 606*'

Bengal :—^Barisal 611, 612.

Type 9.—Bengal :—Birbhum 638.

Type 10.—^United Provinces :—^]\iainpuri 630 ;
Cawnpore 602 ; Atarra 604*

Type 11.—^United Provinces :—Kuipahad 726 ;
Atraula 586, 687.

Type 12.—^United Provinces :—Gonda 588, 589.

Type 13.—^United Provinces :—Bareilly 647.

Type li .—^United Provinces :—Bijnor 640. Bihar and Orissa :—Patna 642,

643, Bengal 634, 635, Birbhum 637, 639.

Type 15.—^United Provinces :—Sitapur 713.
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United Provinces Benares 597.

-.Type 19.—^United Provinces :—^Partabgarh, Maholi 646.

Type 20 ,
—^United Provinces :~Partabgarh, Maholi 648 ; Kulpabad 725.

Bibar and Orissa :—Banga'625.

Type 21 .—^United Provinces :—Etawah 592.

Type 22 ,—^United Provinces :—Bura721. Punjab:—^Lyallpur 617.

Type 23 .—^United Provinces :—^Atarra 650.

Type 24.—Punjab:—^Lyallpur 618.

Type 25.—Mortb-West Frontier Province :—^Pcvshawar, Tarn]abba 489, 490,

491, 492,715.

Type 25.—United Provinces :—Sitapur 714.

Type 27.—United Provinces :—Sitapur 579 ;
Lakbimpur 580 ; Bareilly 613,

614. Bibar and Orissa :—Sabour 621.

Type 28 .—^United Provinces :—Bareilly 722.

Type 29 .-—^United Provinces :—^Lakbimpur 581.

Type 30 ,—^United Provinces Pilibhit 607, 608.

Type 31 .—^United Provinces :—Bahraicb 590, 591.

Type 32 .—Bihar and Orissa Sabour 621.

Type 35*.—Bengal :—Calcutta, Sibpur Experimental Farm, Cultivated (Prain

481K
Type 34.—TJmted Provinces Lakbimpur, Gola Gokarannath 595, 596.

Type 35 ^—Bihar and Orissa :—Banga 623.

! S.BTassieaTmpus

Punjab :—Lyallpur 723. United Provinces :—Sitapur 653, 654, 665, 706 ;

Mirzapur 50, 182, 183, 184, 676 ; Kulpahad 686, 687, 688; Atarra 87, 88, 89, 90

;

Jaunpur 80; Lakbimpur, Gola Gokarannatb 79, 682, 710; Gonda 76, 185, 186,

679*; Atraula 122, 181, 677, 678 ;
Bahraicb 70, 71, 680, 681 ; Nanpara 82, 84, 85,

86, 683; Partabgarb 17. Bihar and Orissa :—Banga 100, 101, 102, 103, 104,

689. Bengal -.—Dacca 150, 161, 152, 698, 700 ; Dinajpur 156, 156, 157, 691, 693,

694; Bangamati 114, 115, 116, 117 ; Maida 105, 106, 109, 690; Birbbum 161,

162, 701, 702
;
Twenty-four Parganas, Basirbat 163, 164, 165 ; Tipperah 168, 169,

170, 703 ; Krishnanagar (Nadia) 173, 174,"175, 704 ; Chittagong, Bamu 176, 177,

178, 179, 180 ; Barisal 705. Assam Sylhet 1, 13, 27, 35, 43, 62, 670, 671, 672,

707, 708, 709 ; Gaubati 51, 62, 53, 54, 55, 56, 675 ; Sibsagar 57, 58, 59, 60, 61,

673, 674. Madras :—Ganjam, Aska 95, 96, 97, 98, 99, 685 ; Berhampur 684.

*Bas0d on the herbarium specimens from the Royal Botanical Gardens, Calcutta.
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I. SOIL-HETEROGENEITY TRIALS

In theory, field trials should be conducted under uniform conditions of soil

and culture. This, however, is an unattainable ideal since an absolutely uniform

piece of land hardly exists in nature and therefore methods must be adopted which

lessen or eliminate the effects of soil-heterogeneity. Fields which from inspection

appeared satisfactorily uniform have been shown by Harris [ 1915 ] and many
others to be very heterogeneous in some cases, and the extent to which even a small

field can show variations in fertility is demonstrated by the present results of uni-

formity trials conducted at Pusa.

A field about one-fourth of an acre in area was sown in three consecutive

years with Pusa barley Type 21, Pusa 52 wheat and Pusa lentil Type 1 1 ,
respectively.

At harvest a substantial border was removed from all sides and the remaining

field was sub-divided into 390 ultimate plots, each four feet square. The produce

from these ultimate units was harvested and threshed separately. Combinations

of 2x3 such ultimate plots were made for the purpose of drawing contour maps
of the field based on the yields, the field consisting of 65 such combination plots,

5 plots running from west to east by 13 plots running north to south as shown in

Fig. 1. Assuming that the average yield of each plot is located at the centre of a

plot, the points at which the yields were 10, 20, 30, 40, etc., per cent above or below

the mean yield of the crop were marked on the field plan. These points were joined

and the contour maps shown in the figure given below were constructed.



Fig, 1» Contour maps of the field based on yields of (i) barley, (u) wheat and (in) lentils,

obtained in tliree successive years from the same experimental field.

It is evident tliat tbe yield varied greatly between different sub-plots in the

same field, and that this heterogeneity was systematic to a considerable extent is

also apparent as the fertility contour lines run, to a very pronounced degree, more
or less parallel to the direction of the columns running north to south. The contour

lines show a good deal of similarity in all the three maps shown above. Tho
differences present are due, of course, to the variability in the yielding power of the

different crops under consideration and its relation to the mean yield of the crop

under the conditions of the experiment.

Generally speaking, soil-heterogeneity may exist either as a gradual change of

productivity from one side of the field to the other, corresponding to the line of slope

or the pathway of irrigation, etc., or as random patches of ground of higher or lower

fertility. This ‘ patchiness ' of a field is due to adjacent plots into which the

field is divided resembling each other, and represents the most common type of soil

heterogeneity. These irregularities in the field may be so powerful sometimes
as to vitiate the results of varietal or breeding trials, giving significance to yields

in situations where it is not actually present.

It must be remembered that the. main object of the modern methods of field

trials, and the application of refined methods of analysis to their results is to allow,

as far as possible, for this effect of soil-heterogeneity. Although Fisher [1932] does

not consider it necessary to crop the experimental plots in the year previous to the

experiment, as it involves double the labour ;of the experiment and a year’s delay
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before the result is made available, it is profitable at times if the experimenter has

some measure of the nature of his field and knows in which direction the soil-fertility

varies the most. He has then the advantage of having valuable information to

assist him in deciding on the layout of the experiment and on the correct size and

shape of plots which he should choose. It is also possible for him then to discard

fields of ‘ patchy ’ fertility for comparative trials. In agricultural experimental

and demonstration stations where the testing of improved varieties of crops or their

response to different manurial or other treatments forms an important item of work,

a knowledge of the heterogeneity of different fields proves very advantageous

indeed,

Harris [ 1915 ] has suggested that soil-heterogeneity may be measured by a

coefficient which shows the degree of correlation between the yields of contiguous

plots, Fisher’s analysis of variance may also be employed to determine the drift

in the fertility of the field. Whereas Harris’ method provides a measure of hetero-

geneity present in the whole field, Fisher’s analysis of variance method not only gives

this measure but also clearly sets forth the direction of the fertility gradient and

should, therefore, prove a more comprehensive method for such work. It is the

purpose of this part of the paper to present the results of the heterogeintj^ tests

conducted at Pusa and to give full arithmetical details of the methods of calcula-

tions that were employed.

Historical

Mercer and Hall [1911] harvested 200 plots of mangolds, each 1/200th of an acre

in size and 500 wheat plots, each l/500th of an acre, and calculated the probable

errors for combinations of different sizes and number of replications. They found

that the experimental error diminished with the size of the plot but the reduction

was small when the plots were above l/40th of an acre. These authors reported

that their mangolds ‘ looked a uniform and fairly heavy crop for the season and
soil ’ while for their wheat ^ a very uniform area was selected ’. Harris used the

same data for calculating the coefficient of correlation as a measure of soil -hetero-

geneity and found it to be

—

For mangolds for a 2x2 combination :

—

f=-]-0* 346±0* 042 (for roots)

r=-j-0*466d::0*037 (for leaves)

For wheat for a 4x 5 combination ;~
r=+0*186±0’029 (for grain)

r~+0*343±0* 027 (for straw)

Montgomery [1912] harvested 500 smaE plots of wheat separately from a field

which was ‘ of about average uniformity and fertility’ and tested the nitrogen

content of the individual plots with a view to forming a basis of the heterogeneity
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in tlie soil Analysing this data Harris obtained a coeffioient of correlation of

0-603±0-029 for grain and 0*115±0‘044 for percentage of nitrogen for a 2x2
grouping.

,

Lehmann [ 1901-1009 ] has given a series of data derived from the yields

of grain and straw of ragi (Eleusine Gaertn.) ciiltivatecl at the Hebhal

Farm near Bangalore in India and these were analysed by Harris [ 1920 ] for corre-

lation between the yield of grain, of straw, and of grain and straw. The following

figures were obtained:
—

'

.

1905 1906 1907

Grain . .
0*735±*031 0*I38±*065 0-716±-032

Straw . 0*424±*055 0*164±*065 0-673±-045

Total yield 0*415±-055 0*145±*0€75 0-636±-040

* The practical coBclusion to be drawn from this result is that an experimental

field which might be demonstrated to be sensibly uniform for one crop plant or for

one season might not prove to be so for another crop or in a different season ’
[ Harris,

1920].

Parnell [ 1919 ] in Madras determined the amount of soil variability in the

typical paddy soils of the Presidency and found that they varied from 7 • 7 per

cent to 13*9 per cent for the probable error of differences between two plots and for

small plots, he came to the conclusion, based on a number of cases, that an area

of 50x4 feet repeated 8 times would reduce the probable error of mean difference

to about 2 per cent. At the Maruteru Paddy Breeding Station in Madras ex-

periments of a preliminary type of the nature of blank-tests were conducted by
Iliffe and Srinivasan

[ 1926 ] to estimate the amount of error with a view to choosing

the correct size and shape of plots. It was found that a 40 feetx 5 feet plot, repli-

cated six times, reduced the probable error of difference to such an extent that a

10 per cent difference in the experiments would be significant.

Garber [ 1926] experimented with 270 plots of 68 feetx 2 feet for two years

with wheat and oats and found that the coefficients of correlation for oats ranged
rom 0*542d:0-030 to 0’694±0-031 and for wheat from 0*516±0’031 to 0-617±
0*037 and that there was some tendency for the plots which produced relatively

high yields of oats to produce relatively high yields of wheat in the following year.

There was also a correlation of 0*364±0*036 between the yields of the same plots

of the two crops in the two successive years.

Sanders f 1930 ] has suggested the application of the analysis of covariance in

order to increase theprecision of experimental resuits on the basis of a knowledge
of the yielding capacities of the same plots in a previous or preliminary trial. He
tried to determine whether soil variations were sufficiently constant from year to
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year to give useful corrections in tlie yields of experimental plots by considering

the yields of the same plots under previous uniformity trials. Considering t m

published results of uniformity trials with cereals carried out on two fields at Aarsley

(Denmark) during the years 1906 to 1911, be found that while in one field the preci-

sion of the experiment was increased by 150 per cent by utilising the previous

records and correction of yields by the application of the method of covariance, ye

in another field the plots showed no constancy in yield. Eden [1931], however,

obtained results of increased precision with a perennial crop, tea, by correcting

experimental yields on, the basis of previous cropping.

Mater'ial and melliod

An area measuring 0*24 acre, which was selected, for running a yield, trial ex

periment with some Pusa barleys in 1928-29 [Shaw and Bose, 1929], was chosen

for conducting this trial. The soil consists of a sandy loam and no manure nor

any irrigation was applied to this plot at any stage of the experiment. The follow-

ing crops were grown :

—

Winter of 1927-28 . . . . Lucerne.

1928-

29 . . * • jBarley yield-trials [ Shaw and 15086; i929].

1929-

30 • • Heterogeneity test witb Pusa barley Type 21
‘ '

‘ [Bose, 1931].

1930-

31 • Heterogeneity test with wheal Pusa 52

[Howard, 1927],

1931-

32 . . • • Heterogeneity trial with Piisa lenti) Type 11

[Shaw and Bose, 1928].

All the crops used in this experiment were crops which are grown in India in

the cold season from October to March. Sowing therefore took place about the end

of October and harvest during the second half of March. During the period April

to October each year the field was left fallow. Usual cultivation and weeding were

given. For the heterogeneity or ' uniformity ’ trials the crop was drilled in rows one

foot apart, the usual* seed rate for the particular crop was always employed. At

harvest borders of three feet each on the east and west and six feet each on the north

and south of the field were removed and the remaining central area was divided into

390 equal-sized small plots, each four feet square. There were in all fifteen of these

ultimate plots running east to west and 26 ultimate plots going north to south

making in all 390 small plots (Fig. 2). The produce from each ultimate plot was

threshed by hand and weighed separately. Care was taken to see that all weighings

Were done after the grain had been sun-dried for a number of days so as to obtain

an approximately uniform moisture content.

* Wheat 70 lb* per acre.

Barley 70 lb. per acre.

. Lentils 16 Ib,^ per acre.
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Fig. 2, Diagrammatic representation of the division of the experimental

plot into ultimate units just before harvest.





Two saries of groupings hereatter caueu i

combination respectively were made up by to

north to south and five plots east to west m

south and five plots east to west in the secoi

plots, 78 combination plots could be made u]

bination plots formed for the 2x 5 combinatic

combination plots are shown in Tables II an<

Table II

Yield of barley in1x5 conibiruOonplots

Yield in grms

Block IIBlock I

2220
2660
2715
2635
2770
2790
2730
2610
2255
2130
2335
2380
2700
2695
2270
3050
3030
2640
2485
2090
2365
1910
2640
2025
2290
2905

371810375 + 275598325 +
i,6u 813884625

Total sum of squares
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Table in

Tield of barley in 2x5 combination plots

Row No.

Block I

Yield in grms.

Block II Block III

I and 2

3 and 4

5 and 6

7 and 8

9 and 10

II and 12

13 and 14

15 and 16

17 and 18

19 and 20

21 and 22

23 and 24

25 and 26

Total sum of squares
741771676 + 649642725

1622263775

330839375

"
' T T A coefficient of correlation is used as an index of soil

unifomibras advanced by Harris [ 1915 ]. This constant usually termed

calculated according to the foUowii^ formula:-

^
where

»•« n,=the coefficient of correlation sought.

S(0i)=sum of squares of group yields of combination plots.

S(n®)=sum of squares of the yields of ultimate units.

of the .Twege yield of idl oltlmete mote.

w=number of units in each group.

w=number of groups of combination plots.
^

av -square of the standard deviation of yield for the ultimate units.

^ ^
rtf nil vields i e of ultimate plots or of combination plots are

Wtw:mis»dihe sW»td leyietioo of yields foe the olthnote

is obtained by the formula-

° P y* ftm
^

E 2
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where as stated above S(p2) is the sum of squares of the yields of the ultimate

units and y is the average yield of all ultimate units. By substituting the actuEl

values obtained for' the barley experiment we get—

For the 1x5 combination

[ {813884625—166978025 } /78 {5(5-1)}]—(634 • 2436)2

s 166978025 /-247355 YY
iV 390 V 390 } 3

B46906600/1560} — 402264-9441

Standard error

{ i/428148-7820^2264-9441‘‘‘

414683 • 7179—402264 • 9441—— =0*4798
25883-8379
(1—r2)

=±o-0890
•\/?i

= 0*4798 ± 0-0390 .

For j,h,e 2x5 combination

[{1622253775—166978025}/ 39(10(10-1)}] — (634'-2430)2

'PiPi =-

j yj 66978025 / 247355 yi
(v^ 390 \ 390 / 3

( 1455275750/3510}-402264-9441

25883-8379

414608 - 4758—402264- 9441

25883-8379

(l-r2)

0-4769

Standard error=± —

=

±0-0391
Vn

2pjp2=0-4769 ± 0-0391

It may be pointed out that the large figures in these calculations have been ob-

tained only because yields were retained in units of grammes. A calculating

machine, the ‘ Comptometer ’ having been used, no difficulty whatsoever was ex-
perienced in handling these figures. "The yields could have been converted into
decagrammes or even kilogrammes and the size of figures for their respective squares
could thus have been reduced.
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Wheat, 1930^31

In the following year Pusa 52 wheat was similarly sown in this very area and

Table IV given below shows the yield of ultimate plots.
'

Table IV

Yield of Pusa 52 wheat from ultimate plots 4 ft, x 4 ft. in area

Row
Yield in grms. from coluinn 1^0.

STo.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 70 220 265 230 248 322 205 250 180 225 235 280 155 190 120

2 248 258 215 220 200 185 185 258 120 215 145 .190 210 180 120

3 275 402 225 120 275 195 200 220 217 185 335 250 235 190 170

4 270 400 385 240 225 200 200 252 255 268 235 220 300 130 170

5 195 230 335 272 200 210 190 340 205 222 295 160 230 235 155

6 240 348 335 296 185 250 185 235 160. 170 225 235 250 i32 140

7 275 280 325 390 200 215 210 175 212 142 270 240 220 120 270

8 218 335 400 370 235 340 260 310 305 160 200 200 335 232 100

9 260 415 430 365 230 220 245 370 232 232 222 215 235 160 130

10 275 375 360 340 *^240 250 160 375 257 232 340 260 260 190 210

11 335 392 305 300 200 232 225 346 210 280 180 185 310 280 245

12 345 380 360 320 265 255 220 420 200 155 250 255 235 260 200

13 270 310 415 385 250 262 230 290 190 280 820 220 290 160 240

14 165 395 355 398 330 265
;

255 350 172 260
,

328 190 280 255 295

15 295 318 805 408 215 247 235 400 182 280 815 245 345 140 250

16 335 185 422 190 220 210 155 335 130 265 245 300 208 140 220

17 242 280 295 305 225 210 296 345 132 258 215 ' 132 ISO 135 205

18 305 310 400 312 450
’

210 305 290 182
1

842 275 145 210 180 255

19 880 250 320 322 800 827 232 290 320
1

305 260 165 140 140 r 190

20 318 367 355 225 348 232 230 320 i 150
'

345 290 265 265 160 £30

21 347 412 280 300 290 205 287 315 185 355 220 240 280 180
'

295

22 260 308 305 230 230 205 315 385 185 225 257 222 237 200 230

23 264 308 280 270 310 236 265 380 285 227 235 200 267 165 2^0

24 248 318 280 270 ! 205 275 320 328 245 192 180 200 235 185 240

25 210 315 265 260 155 200 415 370 255 170 150 190 245 245 115

26 230 302 180 270 170 ' 200 335 312 315 260 100 187 155 150 82

Total sum of squares of all individual yields

Si)2=26741531

Mean of ultimate plots or jD=:^|^=261 •



yield la, gimp, from column No-

Total sum of squares of all individual yields

Si)2=19714274
»— 84128

Mean of ultimate idote 21i6-71:3^.

11 12 13 14 :1

259 272 188 249

164 205 291 251

181 219 197 176

252 221 148 207

204 228 189 205

174 178 177 187

206 240 186 203

240 140 143 171

241 165 126 149

177 202 158 155

207 163 160 161

181 143 169 125

J 186 160 109 122

L 108 127 184 109

a 179 180 211 160

3 192 '"186 126 138

0 210 140 198 164

4 109 266 220 122

:8 173 134 216 105

'3 142 125 135 96

55 170 197 134 109

>9 149 193 107 99

34 122 120 136

219 178 135

25 200 175 126

20 183 .176 156

126

106

95

i 162
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The following table shows the coefficients of correlation obtained with the

three different crops under trial in three different seasons:

—

Table VI

Correlatiom for soil heterogeneity based upon the yields obtained from 390 uliimate

plots, each 4 ft. square

T
Coefficient of correlation

( p^.p^) Differences between
the two coeffi-

Crop Year
1x5 combination 2x5 combination

cients of oorrela-

tibn and standard
error

Barley Tyjje

21

1929-30 0*4798 ±0*0390 0- 4769 ±0* 0391 0* 0029 ±0*0552

Wheat Piisa
'

52
1930-31 0*2361 ±0*0468 0*2504 ±0*0506 0*0]43 ±0*0689

Lentil Type
11

1931-32 0*5830±0*0333 0* 59211. ±0* 0329 0* 0091 ±0* 0468

Biscttssion of results

Harris [1920] has pointed out that an exact measure of the infinenee of soil-

heterogeneity is the first and most fundamental step in the closer analysis of the

factors determining the variability of plot yields. If the application of such a

criterion to results of uniformity trials shows no evidence of heterogeneity, plot

tests may be carried out along conventional lines with confidence, and with rea-

sonable precautions reliable results will be obtained. If, on the other hand, the

application of such a criterion shows a high degree of irregularity in fields selected

for their uniformity, it is evident that very special precautions must be taken to

obtain trustworthy results. For a criterion of field heterogeneity Harris [19153

has suggested the coefficient of correlation of yields of contiguous plots. He
believes that if a field sown with a single crop variety be divided into n small

plots and i^p denotes the yield of an individual plot, then the variability of^ may
be due purely and simply to chance, since the individuals of any variety are vari-

able and the size of plots is small, or it may be due in part to the diversity of

conditions of the soil. If the irregularities of the field are so large as to influence

the yield of areas larger than single plots, they will tend to bring about a simi-

larity of adjoining plots, some groups of plots tending to yield higher than the

.
average, others lower. As heterogeneity becomes greater the correlation will

also increase. The value of the coefficient obtained will depend somewhat upon
the nature of the characters measured, the species grown, the size of the ultimate

and. combination plots, and to some degree upon the form of the combination

plots.
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In our experiments it should be noted that n was equal to 390 ultimate plots,

each of these plots being four feet square. The combination plots in l x 5-fold

grouping were therefore 4 ft. x 20 ft. in area and 78 in number ;
while those in

the 2 X 5-fold grouping were 8 ft. x 20 ft. in area and 39 in number.

The resufesho'wn in Table VI are of interest as they again bring out the fact

that an experimental field which may be sensibly uniform for one crop or for one

season may not be"so for another crop or in a different season.

Whereas the' coefficient of correlation for Pusa 52 wheat in 1930-31 is not

very high for both the 1 X 6 and the 2x 5-fold groupings ,
the coefficients are quite

high in the case of barley in 1929-30 and lentils in 1931-32. Moreover, the

coefficients of correlation in the two different kinds of grouping, in all the three

crops under consideration,, do not seem to be significantly different from one

another, as is seen in the last column, where the differences of the two coefficients

are in every case less than their respective standard errors. The coefficients of

correlation in all cases appear to be significant when compared with their respec-

tive standard errors. The heterogeneous nature of the plot is therefore evident

and the data will now be examined to see in what manner the soil-fertility varies

in this field.

The means, standard deviations and the coefficients of variation obtained in

these experiments and the standard errors of these constants are set forth in the

table given below.- These constants have been obtained by working with degrees

of freedom equal to n—1 to keep the calculations in conformity with that followed

in, determining the constants for the heterogeneity coefficient. In this-respect,

as in others, Harris’ method has been followed.

Table VII

Means, standard deviations, and coefficients ofvariation for the yields of barley, wheat
' and Uniils

^ ‘

'Crop
^

'

Year !

Mean yields in !

grms.
Standard deviation Coefficient of

variation

K.|

Barley Type 21 1930
1*

.

634-244±8-16B 161-286±5-775 25' 429 ±0-968

Wheat Pusa 52 1931
j

.251 -838 ±3- 730
1

73* 691 ±2* 637 29' 261 ±1*136

Lentil Type 1.

1

1932 215’713±3‘217 63*:538±2‘274 :• 29'455±1*143'

The means in this table show that the yields vary with the crop, the standard

deviations naturally are influenced by the actual magnitudes of the yields and
are therefore difficult of interpretation, whereas the coefficients of variation are

more or less uniform. This suggests that the coefficient of variability is a more
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reliable i^dex tban the mea^ and the standard deviation for judging the vari-

ability of a sample. In comparing variations ” under different sets of condi-

tions or factors (as in dealing with different crops), therefore, the coefficient of

variation is the most satisfactory index.

(2) Analysis of variance

The Latin square

All modern methods of field-experimentation have for their object the eli-

mination of the factor of soil-heterogeneity. Ofthe more modern methods , Ksher ’

s

analysis of variance can be employed as an efficient tool for determining the

‘drift ’ in the fertility of a given area. The plot yields obtained in the experiment

under report have therefore also been analysed by applying this method. For

the sake of convenience yields from the 26th rowhave been discarded and the whole

area has been grouped into a 5x5 Latin square. Each individual plot of this

Latin square therefore consists of fifteen ultimate plots, three running west to

east by five lying north to south. The yields of these plots are shown in Table

VIII.
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From the analyses of variance given above it will be noted that the differ-

ences of mean squares between columns and error are much greater than the

differences ofmean squares between rows and error. Applying Fisher’s is-test

for the one and five per cent levels of significance, we get the results shown in the

following table

Table X

Differences between the | log^ {Mean square values) and their statistical significance

Values of 1: between

Crop Row and error

and
Column and error

ni=4andw2=16
Column and row
Ml=4 and n^^4:

Barley 0*79415
Significant at one
per cent.

2*11974
Significant at one
per cent.

1*32559
Not signifi-cant at one
per cent but signi-

ficant at 5 per cent.

Wheat . . 0*68047
Not significant at
one per cent but
significant at 5 per i

cent.

1*34377
Significant at one
per cent.

0*66330
Not significant.

Lentil 0*78103
Not significant at

one per cent bixt

significant at 5 per
cent.

1*52886
Significant at one
per cent.

0*74783
Not significant.

FromFisher’stables—O* 7814forP==0*01 and 0* 5505 for P=0- 05 whenni^Aand
n2=16 and «= 1*3856 for P=0'01 and 0*9272 for P=0*05 when ni==4 and

When the rows or columns are to be compared with error in the above table

a difference greater than 0*^814 for %=4 and 9^2==!^ is statistically significant.

On the other hand if the rows and columns are to be compared with each other

a difference greater than 1 * 3856 for %=4 and ^2=4 is significant at the one per

cent level. The results show a comparatively greater difference in fertility between

the columns than between the rows. In this field, therefore, there is a fertility

gradient from west to east running at right angles to the direction of the columns.

It may be pointed out that the analysis of variance method has been utilized

in this case mainly to show the differences in soil-fertility and to show that a greater

precision can be obtained in the standard error of the experiment by eliminating

the variances due to soil-fertility.

Increased precision in the standard error may further be obtained in experi-

ments such as these, where the same field or parts of the same field are emplo^^ed
^

' a2
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for two or more seasons in succession by utilizing Fisher’s method of covariance

for correcting the standard error of the experiment in the second or third year

on the basis of that obtained in the first year.

The details of calculation for the reduction of the experimental error in the

case of the present barley and wheat trials by the application of the covariance

method have been provided in example 24 of Shaw’s Handbook of Statistics for

use in Plant Breeding and Agricultural Problems {in Press) and need not be

repeated here. It is evident, however, that by taking preliminary yields into

consideration increased precision to some extent may be obtained in the experi-

mental error of the successive crop. Thus the mean square for error for Pusa 52

wheat is 974-18 as shown in Table IX and this could bereduced to 860 -88 if the

preliminary yields of barley in the same sub-plots are taken into consideration

and the analysis of covariance is applied to this test. The precision ofthe compari-

son has thus been increased by or 1‘13 times. Similarly, in the lentil

trial, an improvement of 1-04 times can be effected in the standard error by

applying the method of covariance. But as this hardly affects our results, we

have not utilized these improved standard errors in our present study.

If we consider the yields of lentils obtained in the third year of the present

experiment, we find that the yields range from 3952 grms. to 7832grms. inthe

direction of the columns showing a coefficient of variability of approximately 21

per cent. The yields in the direction of the rows, on the other hand, range from

2638 grms. to 3880 grms. and have a coefficient of variation of only 11 per cent.

Fig. 3 depicts these yields plotted out and their relation to the respective means

of the total yields of columns and those of the rows. This shows again that

there is a greater variation in the yields between columns than those between rows.

Kg. 3. Variation in yields of lentils from columns and rows.
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Conclusions

A soil-heterogeneity experiment was conducted in a particular field for three

consecutive years with barley, wheat and lentils respectively. After dish-

oarding the necessary borders the field was divided at harvest into 26 X 15 or

390 ultimate plots, each 4 feet square. The produce of each ultimate plot was

separately harvested, hand-threshed and sun-dried. Weights were taken in

grammes.

The coefficient of correlation between contiguous plots was employed as an

index of soil-heterogeneity according to the method advocated by Harris. 1x5
and 2 X 6 combination plots were made up for this purpose by summing up the

yields of either 5 or 10 contiguous plots ; so that the 390 ultimate plots could be

formed into 78 combination plots with the 1 X 5 grouping and 39 combination

plots with the 2x5 grouping.

The coefficients of correlation for the two kinds of combinations are not

significantly different from one another. For the different crops tried in three

different years this constant was as follows :

—

This shows clearly that an experimental field which is sensibly uniform for one

crop in one season may not be so for another crop or in a different season, a result

which is in conformity with those obtained by Harris in 1920. The presence of high

correlation between contiguous plots signifies that, notwithstanding its uniform

cultural and other treatments, the field has definite grades of fertility, which are

so large as to influence the yields of areas larger than single combination plots in

the field
;
thus bringing about a similarity of adjoining plots, some groups tending

to yield higher than the average, others lower.

Combinations of 2 x 3 ultimate plots were made and the field was considered

as consisting of 65 such combination plots. Assuming the average yield of each

plot to be at the centre, the points at which the yields were 10, 20, 30, 40, etc., per

cent above or below the mean yield were found by interpolation between adj acent

plots. These points were joined and the contour maps shown on page 580,

were constructed. It is evident that the jield v^ied greatly between different

Crop Year

'i

Coefficients of correlation

l x 5 combination 2 X r> combination

Barley , . 1929-30 . 0-4798 ±0-0390 0- 4769 ±0- 0391

Wheat . . . 1930-31 . 0-2361 ±0-0468 0- 2504 ±0-0606

Lentils . .

1

1931-32 . 0-6830±0-0333 0-5921 ±0-0329.
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plots in the same field. That this heterogeneity was systematic to a considerable

extent is also apparent as the fertility contour lines run more or less parallel to the

columns (north to south) to a very pronounced degree [Bose, 1933]. The contour

lines show a good deal of similarity in all the three maps shown above. The

differences are due, of course, to the variability in the yielding power of the

different crops under consideration and their relation to the mean yields of each.

It has also been found that, although the mean yields in this field have

varied widely with the crop, the coefficients of variation have remained more or

less uniform in the three years under report. Barley, for instance, gave a mean

yield of about 634 grms. per ultimate plot, wheat has given only about 251 grms.,

and lentils about 216 grms. The coefficients of variability in these crops were

25*4, 29*3, and 29-4 per cent, respectively.

Fisher’s analysis of variance method is one of the best tools for determining

the drift in the fertility of a given area. The plot yields obtained in these

experiments were thereffire analyzed by applying this method also. Discarding

the yields of the last or the 26th row, it is possible to compose a 5 X 5 Latin

square with the yields of the remaining ultimate plots. On analysis it is found

that there is a statistically significant difference between the variance for

‘ columns ’ and that for ‘ error ’ and also between the variance for ^ rows ’ and
‘ error ’

. From this it may be inferred that fertility gradients run both along rows

and along columns.

It may be pointed out that Harris’ method of determining soil-heterogeneity

by the estimation of the coefficient of correlation between contiguous plots pro-

vides a measure for heterogeneity present in the whole field. On the other hand,

Fisher’s analysis of variance method which has come into existence long after

Harris’ method, not only provides a measure of soil-heterogeneity hut also clearly

sets forth the direction of the fertility slope. The latter method should, therefore,

furnish a more comprehensive estimate of variations in fertility in different parts

of a field-

In agricultural experimental stations where the testing of improved varieties

of crops or their response to different manurial treatments forms an important

item of work, a knowledge of the uniformity of different fields proves very advan-

tageous in the guidance that it usually gives in designing future lay-outs on such

fields. All that is required in this connection is that each year one or two fields

which are under any bulk crop in the station may be harvested in the form of small

ultimate units of convenient size and shape. The yields of these ultimate plots will

furnish sufficient evidence to determine the nature of the heterogeneity of the

field and also of the direction of the fertility gradient present therein. From
this study the correct size and shape of plots that would furnish reliable results

can also be determined. The threshing of these separate small units would un-

doubtedly entail some extra expenditure, but this would be amply compensated

for by obtaining a reliable index of the nature of the field for further trials.
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Statistical metliods, it must be remembered, farnisb trustwortby results only

if 'tbey are employed in tie right way to properly controlled field experiments

[Bose, 1933]. If an experiment is wrongly placed no method can be expected

to give significant results.

II. THE SIZE AND SHAPE OE EXPERIMENTAL PLOTS

The existence of soil-heterogeneity in an experimental plot at Pusa has been

shown in the first part of this paper and it has been pointed out that one of

the chief advantages of estimating soil-heterogeneity in experimental fields is

that this furnishes material on wliich to base the proper lay-out and to determine

the correct size and shape of plots necessary to reduce errors due to soil-fertility,

etc., to a minimum. Should the yields of ultimate units in afield be known, it is

possible to combine these in various ways so as to get lay-outs with different plot

sizes and plot shapes and the one which shows the least standard error may be

gauged to be the best for the conditions of the experiment. Fisher’s analysis of

variance may be used for determining the standard errors of the various

combinations. The results obtained in the wheat trial reported in the preceding

*pages may be employed to furnish some idea of the actual arithmetical details

necessary.

Studies to determine the most efficient size and shape of plot have been con*

ducted with .a great variety of crops and under different sets of conditions. Even

then there is a great scope for this kind of work under varied conditions of soils

and climate that obtain in India. In their classical experiments, Mercer and Hall

[1911] calculated the probable errors for combinations of different sizes and

number ofreplications of small unit plots, each 1/500 of an acre in area, and found

that the error diminished with the size of the plot, but that the reduction was

small when the plots grew above l/40th of an acre. Parnell [1919] found that an

area of 50 X 4 feet repeated eight times would reduce the probable error of mean
difference in paddy to about two per cent. Iliffe and Srinivasan [1926] observed

that a 40 X 5 feet plot replicated six times reduced the probable error of the

difference in paddy to such an extent that a 10 per cent difference in the experi-

ments would be significant.

Immer [1932] studied the size and shape of plots in relation to field-experi-

ments with sugar-beets and found that the standard errors, expressed hs percent-

ages of the mean, decreased in general with increased size of plot, and that the

experimental efficiency of the land decreased with increased size of plot when t]^e

entire plot was harvested. When the border rows of the plots were removed 4-row

plots were most efficient.

A complete bibliography bearing on this subject has been published by a

committee of the American Society of Agronomy for the standardization of field-

experiments in the Journal of the American Society of Agronomy, 18, 1926, pages

1143—1144 ; 22, 1930, pages 1056—1061.
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In plant-bieeding work, where numerous strains are eompared, the size and

shape of plot is necessarily limited by available space and sometimes by the amount

of seed. In comparative yield trials, however, where only a few varieties are

being compared, it is always possible to lay out plots of such size and shape as

will reduce the errors due to variation in soil-fertility to a minimum. This is easily

aceomplished if an idea of soil-heterogeneity in the experimental field under

observation is available.*

The data obtained from the uniformity trial with Pusa 52 wheat has been

employed for the purpose of determining the best size and shape of plot which

could be oriented in this particular field for future experiments and which

would reduce the experimental error to its minimum. In Table IV have been

presented the yields of 26 x 15 ultimate plots of Pusa 52 wheat, but for the

sake of convenience the ultimate plots in the last two rows have been omitted for

the present study and the yields of 24 x 15 or 360 ultimate units only have been

taken into consideration. By combining plot yields of various numbers of

adjacent ultimate units combination blocks of different sizes and shapes can be

formed. Pisher’s analysis of variance may be used and five hypothetical treatments

may be assumed in order to make due allowance for soil-heterogeneity. Thus, in

each combination or lay-out the total variance is split up into variance due to (1)

‘ between blocks ' and (2)
^ within blocks \ The variance due to the last item

gives as its square root the standard deviation of the combination plots from which

the coefficient of variation can he computed.

Taking the 3x3 combination as an illustration, we find that the experimental

field could be divided into 40 sub-plots, each 12 ft. x 12 ft. in size, and in which

the yields of three ultimate units in the direction of the rows and of three units

in the direction of the columns

have been combined to represent

the yield of each sub-plot. On
the assumption of five hypothe-

tical treatments we can thus

divide the field into 40/5 or 8

blocks. The plot yields of

this lay-out are shown on
the T^ total sum of

squares for calculating the analy-

sis of variance is obtained by
squaring the yield of each sub-

plot, suinming and subtracting

from this the correction factor

which is obtained by dividing

the square of the general total

by the total number of comMua?'

fion plots-—in this case 40.

Block
j

I
j

2178 1995 1836 2060 1570

H 1 27S8 2078 2022 2030 1742

III 2938 2568 2819 1881 1792

IV 3127
I

2402 2412 2137 2190

V 2818
1

'

2760. 2804 2438 1 2256

VI 2774 1" 2332 2169 2177 1683

VII 3029
1

2649 2329 2445 ! 1880

vm 2671
1

2230 2708 1938 2009

Correction factor**

(91409)»

40~
208890132 -025

General total

Block
total

9638

10610

11496

12268

12575

11135

12232

11466

91409

Plot and blocJc yields in S X S combination.
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The sum of squares ' between blocks ’ is computed by squaring the block yields,

summing these up and dividing this sum By the number of blocks, and finally,

subtracting the same correction factor as was used in obtaining the true total

sum of squares. The sum of squares due to variations ' within blocks ’ is

therefore the difference between the total sum of squares and that due to

variations ' between Hocks ’
. The analysis of variance for the 3 X 3 combination

is tabulated below:—

Table XI

Analysis of variance for 3 X 3 combination plots

Source of variation Degrees of

freedom
Sum of
squares

Mean
square

Significance

or

ratio of

Variance

,

Variance 2

Between blocks . . . 7 1326388*675 i 189484*082 1*403

Within blocks
.

* ^
32 4319824*400 134994* 610

Expected
3*47

Total . 39 5646212*976
!

Standard deviation =\/l34994* 510=367* 41

Co-efhcient of variation 16* 078 per cent.
Mean ^

In this particular case the observed ratio of variance 1 to variance 2 being smaller

than the expected ratio, no particular gain has been made by eliminating the

variance due to soil heterogeneity, but this is not so in all the combinations used
in this study.

Fig. 4 shows a diagrammatic representation of some of the combinations
that can be formed on this experimental field on the assumption of five hypothetical

treatments and the figures at the bottom of each lay-out show the number of
ultimate units that have been included to form each combination plot in that
series.



8X« 12X1 24X1 1X3 2X3

3X3 4X9 6X3 8X3 * 12X3

Fig* 4, Combination plots of various size 3 and shapes.

Table XII depicts the analyses of variance in different combinations of Pusa

52 wheat, together with the coefficients of variations ‘ within plots
*
for each.



Table

XII

Analyses

of

variance

in

different

comUnations-ivlieat

uniformity

trial

1980-31
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It will be noted from tbe above table that the range of the coefficients of

variability extends from 12 * 555 per cent for the 24 x 1 combination to 24*894

per cent for the 1x1 combination. The best combinations that can be used

for future experiments in this field appear to be 24 x 1, 12 X 3, 8 X 3 and 6 X 3,

as these give the least valnes for their respective coefficients of variation. It

must be remembered, however, that for cereals in general, a plot size approxi-

mating l/40th of an acre is said to be ideal but in this country a good deal of

work appears to be necessary to fix up the correct size of plots for different crops

under the different sets of soil conditions that are met with.

Shape o£ plots

An inspection of Kg. 4 will show that by taking various combinations of

ultimate units, combination sub-plots of various sizes and shapes can be formed.

Of these lay-outs 8x3 and 24 x 1 have the same plot size but different shapes

and these two lay-outs also exhibit some difference in their coefficients of varia-

tion. Similarly, there are other combinations which possess the same size of

plots but which differ in their shapes and in their coefficients of variability. These

are enumerated below :

—

Table XIIT

Showing the difference in the coefficients of variations in plots of equal size hut of

different shapes

Lay-out

No. of

ultimate units

to form
each combina-

tion plot

Size of each

!

combination
plot in sq. feet

Co -efficient

of
variation

Difference in

CO-efficient of

variation

COX00 15 384 14*508
1*953

24 X 1 15 384 12*555

COX 30 192 15-722
0*221

,12 X 30 192 15*501

2x3 60 96 19* 159
2* 352

6X1 60 96 16*807

1X3 120 48 18*590
0*650

3x1 120 48 19*240
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. These figures provide ample evidence to bring out the importance of the

shape of the experimental plots in a given area. Plots of the same size but of

dilferent shapes have shown differences in their variability. This is chiefly due

to the presence ofvarious grades of soil fertility in the field and the inclusion of

patches of unequal fertility in combination plots of varying shapes.

Lay-outs 8 X 3 and 24 x 1, for instance, are such that both divide the ex.

perimental area into fifteen equal divisions. The size of plots as well as the number

of ultimate units taken to form each plot are also equal in both cases. The shape

of the plots, however, differ in that in the 24 X 1 combination the field has been

divided longitudinally in the direction of the columns, that is, from the north to

the south, and the length of each plot is many times its breadth. In the 8 x

3 combination, on the other hand, the field has been divided into fiifteen compact

plots in which the ratio of length to breadth is not very great. The difference

in the shape of plots in the two lay-outs has brought in a difference of 1*953

in their coefficients of variation, thus showing the superiority of the 24 X 1

arrangement over the other. It has been pointed out in the first part of this

paper that the fertility gradient in this experimental field lies from west to east

and that combination plots taken at right angles to this direction, i.c., lying

from north to south would give a smaller variability than those lying in the

direction of the fertility slope. It is probably for this reason that the 24 X 1

combination, in which the plots lie in the direction of north to south, has provided

the least variability.

Should the fertility slope in any experimental field be known, it is possible,

then, to predict what shape as well as what size of plots would furnish the

most reliable results.

Summary

Results are reported of soil-heterogeneity experiments conducted for three

consecutive years in the same field with Pusa barley, wheat and lentils.

The coefficient of correlation between contiguous plots was employed as an

index of soil heterogeneity according to Harris’ method, and 1x5 and 2x5 com.

bination plots were made up for this purpose. Although the coefficients of correla-

tion for these two kinds of combinations were not significantly diffeient fiom one

another, the presence of significant coefficients for each combination denotes

definitely that the field under consideration was not absolutely unifoim.

Ksher’s analysis of variance was also employed to determine the drift in the

fertility of the field with the same data. It was found that there was a great deal

of variation in the yields for columns and much less in the rows, suggesting that

there was a fertility gradient in this particular field which ran from west to east.

This was further seen when contour maps of soil fertility were drawn from results

of plot yields.



SOIL-HETEROGEmiTY TRIALS AT PUSA 607

Harris^ method ofdetermining soil heterogeneity provides a measn're of hetero-

geneity present in the whole field, bnt Fisher’s analysis ofvariance not only provides

a measure of soil heterogeneity but also clearly sets forth the direction of the ferti-

lity gradient and should, therefore, be a more comprehensive method for snch work.

A knowledge of the amount and direction of.variability in the fertility of any

experimental field helps in the proper laying out of yield or manurial trials in the

right direction and gives a-measure of the shape and size of plot which ought to be

employed. The combination which yields the least coefficient of variation

within blocks in a preliminary trial is to be taken as the best one for laying out

future trials in a field. The results of the uniformity, trial conducted with Pusa 52

wheat have been utilized to show what size and shape in this field will produce the

least variation ‘ within plots ’ on the assumption of five hypothetical treatments.

The analysis of variance method is used for the interpretation of these results

.

The writer takes great pleasure in expressing his indebtedness to Dr. F. J. F.

Shaw, Imperial Economic Botanist, Pusa, and now Director of the Imperial Insti-

tute of Agricultural Research, under whose guidance this study was made, and to

Messrs. M. B. V. Narasingha Eao and R. G, Joglekar, Post-graduate students in

Botany, for help given during the course of the study. Thanks are also due to Rao
Bahadur M. Vaidyanathan, Statistician, Imperial Council of Agricultural Research,

for helpful criticisms and suggestions.
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Introduction

In, a recent article Mitfa [1934] has shown that the wilt disease of sann-hemp,

Grotalaria juncea Linn., is caused at hjFmarium msinfectum Atkinson, and

,that the isolates of this fungus from wilted sann-hemp plants produce wilt in

•pigeoTX‘^eeb, Cajanus indicus S-preng^l, ^nd vice versa. At Pusa at any rate the

same Fusarium sp. has been found to cause wilt in these two crops. An attempt

is made in this paper to show the close association existing between soil tem-

perature and the maturity of plant and the incidence of Fusarium wilt in these

two crops.

Numerous investigations dealing with the influence of soil temperature on
plant diseases have been rejported, and theliterature has been exhaustively summa-
rised by Jones, Johnson and Dickson [1926]. A review is therefore unnecessary

( 609 )
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here except to emphasize that temperature alone is not the limiting factor of envi-

ronment in the occurrence of plant diseases, hut such factors as soil moisture, soil

reaction and soil texture are intimately concerned and operate as a whole in limiting

or favouring the causation of plant diseases. Furthermore, Jones ef aZ have con-

cluded that most of the vascular Fnsarium wilts are favoured by soil temperatures

in the neighbourhood of 24-28°C. and that the disease development-temperature

curves in most cases parallel the fungus growth-temperature curves.

The work at Wisconsin and other centres was done in carefully controlled soil

temperature tanks, but the results discussed in thp present paper are based entirely

on field data. In addition to shoy^ing that the,wilt diseases of sann-hemp and

pigeon-psa are influenced by soil temperature, these results indicate that the same

fungus causes wilt in these two crops under two entirely different sets of condi-

tions. In sann-hemp the incidence of wilt is favoured by soil temperatures

ranging approximately from 28 to 33'’C., while in pigeon-pea the occurrence of

wilt is favoured by slightly lower temperatures, between 17 and 29°C., recalling

the case of Oiberella saubinettii (Mont) Sa>oo,, which, according to Dickson [1923],

causes a severe blight in wheat at relatively high tem,peratjires, ,16-28°C., and in

maize at comparatively low temperatures, 16-20!^C.

. Maturity of plants appears to exert a good deal of influence on the incidence

of wilt in the two crops under discussion as shown by the correlation coefficients

that have been calculated.
’

'
' Materials and methods

Pigeon-pea and sann-hemp plants were sown in a one-tenth acre plot in alter-

nate rows on the 14th of June 1933. The pigeofi^pea used was Pusa Type 5 which

has beenreported byMcRae and Shaw [1933] to be highly susceptible to Fusari'Um

wilt. The seed of sann-hemp was secured from the Imperial Agriculturist who

had collected it during the previous year from a field of sann-hemp where wilt was

rather severe. The plot where these pigeon-pea and sann-hemp types were sown

has, since 1923, been developed into a highly wilt-infested plot by the addition,

every year, of cut pieced of wilted pigeon-pea plants and ploughing in the land so as

to mix the material intimately with the soiL At the jKesent time if a susceptible

type ofpigeon-pea is sown in it j hardly a plant survives at the end of the season.

There were in all 490 plants of sann-hemp and 468 of pigeon-pea in the plot.

The soil temperatures Were obtained by using an automatic earth temperature

recorder that had been previously standardised by comparing it with a standard

thermometer. Its bulb was buried at a depth of six inches in the field. The

weekly mean temperatures were obtained by summating the temperatures recorded

at every two-hour intervals during the week on the recorder sheets and dividing the

total by 84, the total two-hour periods in the week. The well-known Pearsonian

equations of simple, multiple and partial correlation were used in calculating the

values of the respective coefficients.
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Oa a fixei day iu each week the plot was carefully examined and the dead

plants were counted and removed.. .Thesex^re brought to the laboratory and each

plant examined to see if the death was due to Fusarium wili ov BMzoctonia wilt.

No account was taken of the plants that had died as a result of Bhizoctoma s(,ttmh

in these ealculatipns. The weekly percenta^s were calculated on the basis of the

number of deaths in each week to the number living at the beginning of the parti-

" cular week,
— - - •"

- Analysis op pibstisit op data

Simple correlation between wilt incidence and soil temperature

• In Table I are reoorded the weekly percentage deaths of sann-hemp and
pigeon-pea plants and the weekly mean soil temperatxires.

Table I

Percentage ofweehhj deaths ofsann-hemp andpigeon-pea plants due to wilt

Age in weeks

1

Weekly
mean soil

temperature

.
(°c.)

Sann-hemp Pigeon-pea

Actual
'deaths'

Percentage
6f deaths

Actual
deaths

Percentage
of deaths

,

„8 "

; 34 .
^

, 2, .'
.,

r

V'
'"' ' '

33 ;i:,5 _
;

10 29 20 4*4 ...

11 29 20; 4*6 '10 ''

2*1

; • -12, 30 ST. 21*2 5
;

,1*1

; \ n 31 101 31*1* To 2*2
'T'

.

'

‘ 14
,

31 87; ‘ 16 ,5
'

^ 8 i*:8^. ^

15
'

'29 : 36 19*3
‘

22 5* 1

“ .y 29
;

59 39*1 28 6*8

y
’

17 ^-!
29''

19 20*7 36 9*4

'

i; 18 V 29 1

: ^ 22*2 27 7* 8

^ 19 28 10 - 17*5 ^ 30 ^ 9*4

20 24 13 . 27*7
; r

15*2
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Weekly
niean soil

temperature

(^0.)

Bann-hemp Pigeon-pea

Age in weeks •

Actual
deaths

Percentage
of deaths

Actual
deaths

Percentage
of deaths

^ 21- - 24 1 3*0 18
,

7*3 ,,

22 : 24 ..

:

;

4 12*1 18 7‘9

23 22
.

17*2 <54 30*5

24 21 2 8*3 33 22*6

25 20 0 0*0 30 26*5

26 20 0 0-0 20 24*1

27 17 Ov 0*0 17 27*0

28 17 1 ,
4-7

'

14 30*4

29 18 <> 18*8

.30^ 18 # 19*2

After the 8th ofJanuary 1934 deaths ceased in the plot and no further readings

were recorded. An examination of the data will show that while sann-hemp

plants died in the earlier part of the season^ those of pigeon-pea succumbed only

in the latter part.

In order to determine the nature and magnitude of the correlation existing be-

tween soil temperature and wilt incidence in sann-hemp plants, the simple coeffi-

cient ofcorrelation was first calculated. The value o£‘ was found to be -fO * 537.

There are twenty observations (column 4) and two variables so that the degrees of

freedom are eighteen. At five per cent level of significance, the significant value of
^ for that number of degrees of freedom, according to Fisher [1932], is 0*444.

As the value actually obtained is higher than this, it is clear that as temperature

increases from 17 to 33°C., deaths due to Fv^arium wilt in sann-hemp also increase.

A similar coefficient of correlation was also obtained for wilt incidence and soil

temperature in pigeon-pea plants. The value of V ’ in this case was found to

be —0*901. This is a high value showing a very close association between soil

tempei'ature and wilt incidence in pigeon-pea plants. Apart from this, it will be

noted that there is a negative sign preceding the coefficient which is indicative of

the fact that wilt incidence in pigeon-pea plants at a range of temperature of 17 to
33 °C. decreases as the temperature rises. In other words, the effect of soil tem-
perature in the case of sann-hemp is to increase wilt incidence as the temperature
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increases and quite tte reverse in the case of pigeon-pea plants where wilt de-

creases as the temperature increases (always of course within the range of 17 to

33T.).

Simple correlation between wilt incidence and maturity of the host

Examination of data also made it apparent that there may be some associa-

tion between the maturity of plants (i.e., their age in weeks) and the incidence

of wilt. Simple coefficient of correlation was therefore calculated and the values

of ‘ T
^
obtained in the two cases are given below :

—

Simple coefficient of correlation between maturity of sann-hemp

plants and incidence of wilt * * - • • . .
—-0’ 314

Simple coefficient of correlation between maturity of pigaon^pea

plants and incidence of wilt . . * . . # .

It will be noted that the value obtained in the case of sann-hemp does not

show association being much smaller than the significant value, viz., 0* 4:4:4:.

It is negative, showing that these plants lose their susceptibility to the disease

as they mature. ' In pigeoh-pea there is very close association between maturity

and wilt incidence, and as the positive sign precedes the value, the plants seem to

lose their resistance to the wilt disease as they age and become more and more

vulnerable to attack.
"

. -

Finally, in order to show graphically the relationships of the data recorded

in the table, the regression equation of soil temperature on wilt incidence and

that of maturity on wilt incidence were calculated. The equations are given

below and the regression lines indicatir^ the trends are’ shown in Figs. I and 2.

Fig. 1. Regression line showing relation between soil temperature and incidence of

wilt*
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‘ Fig. 2. Regressioa'ius showing rolatioa between maturity and incidence of witt/

Regression of wilt incidence on soil T° in pigeon-

pea . . . ; . * * A" = '61* 7292 — ' 1- 795A ^
.

Regression of wilt incidenceon soil in sann-

bemp . . . . . . . X = - 0-9375A---^' l2-‘l03

Regression of wilt incidence on maturity in . « - '

'

. ' pigeon-pea plants X 1*477B 16*098 -

. Regression of wilt incidence on maturity in sann- ... . : .

’

. -

hemp plants . . . . . . X =- 33*266 M307B

In the above equations X stands for per cent deaths, A for weekly mean soil

temperature and B for age of plants in weeks.

Multiple correlation between wilt, soil temperature and maturity of the host..

“ It is-evident from the above that, while the attempt to analyse the relations

between wilt incidence and associated variables has shown interesting facts, it &
possible that there is a regular network uf relationships. ' The multiple’ coeffi-

cient of correlation existing between these variables, wilt incidence
(
= X), soil

temperature.
(
= 7) and maturity

{
= Z], was therefore determined ip see thp:

nature of such relationships. This value, designated by the letter by
* Pearson, was found to be + 0*951 in the case of sann-hemp and + 0* 943 in the

case of pigeon-pea. There are here three variables and 23 observations, so that

the degrees of freedom are 20 and the significant value of JK at one per cent level

of significance is 0*608 according to Table 16 "of Wallace and Snedecor [1931].

These values indicate high association between these variables.
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Partial correlatim Petw6en the vriables

Finally it remamed to deternaine whether the correlation between soil temper

ratiire and wilt continued to exist if the influence of maturity was eliminated, or

Between maturity and wilt if the influence of soil temperature was eliminated;

Correlation eoefficients between the two variables, independent of the third varia-

abie, were therefore calculated by determining the first order partial correlation

coefficient. The values are given below :— *

First order coefficient of correlation between soil temperature
and wilt, independent of maturity in sann-hemp . . == + ^’ 459

First order coefficient of correlation between soil temperature
and wilt, independent ofmaturity in pigeon-pea . . =: — 0 • 485

- First order coefficient of correlation betweenmaturity and wilt,

independent of temperature in sann-hemp . . « = ^ 0 * 437

First order coefficient of correlation between maturity and wilt,

independent of tenjperature in pigeon-pea , • . =::4- 0*278

Here again the degrees of freedom are 20 and the significant value at one per

cent level of significance is 0 • 608 and at five per cent level of significance 0*509,

according to Wallace and Snodecor [1931]. None of the values is significant

biometrically. It is apparent therefore that the influence of soil temperature

and maturity on the incidence of wilt in sann-hemp and pigeon-pea at Pusa is a

combined influence and not due to any one of them alone.

Analysis of a second set of data

Data from another set of experiments were also available to test the hypothe-

sis advanced in the previous paragraphs. In a small plot which had not been

either under*sann-hemp or pigeon-pea for a number of years, the soil was heavily

infefefed with pieces of wilted sann-hemp plants collected the previotts year.

These pieces were intimately mixed with the soil and ploughed in before the rains

in 1933* Same types of pigeon-pea and sann-hemp were sown on the 14th of June

1933 There were 503 sahn-hemp plants and 278 pigeon-pea plants . Dead plants

of both the crops were counted and removed every week as before. Plants which

showed under the microscope that they had succumbed to Bhizoctonia attack have

not been included in these calculations. In Table TI are recorded the soiltempe-

tatUres aiid the percentages of wilt attack, calculated’as before* f
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Table II

Percentage of weekly deaths of sann-hemp andpigeon-pea plants due to wilt

Age in weeks
Weekly
mean soil

temperature

(“0.)

Sann-hemp Pigeon-pea

.Actual

deaths

1

Per cent Actual
deaths

Per cent

8 34 24 4*8 7 2*4

9 .33 31 6*5 4 1*4

10 29 49 10-9 3 1*0

11 29 ! 74 18*5 5 1*8

12 30 1 133 40*9 7 2*6

13 31 70 36*5 15 5*7

.
It 31 25 20-6 12 4*9

15 29 1
18 18*6 6 2*6

29 13 16*5 19 8*3
-

• 17 29 24 36*4 4 1*9

18 29 10 23*8 4 1*9

19 28 1 3*1 6 3*0

20 24 4 12*9 9 I

4*6

21 24 4 14*0 0 . ..! 0*0

22 .
.

'24... 4 17-3 3 !

1*6

23 22 2 10*0 4 2*2

24 21 2 11*1 7 3*9

25 20 0 0*0 2 1*2

2fi 20 0 0*0 2 1*2

27 17 "O' 1

0*0 2 1*2

.
* 28 17 0 i

0*0 3 1*8

29 , 18 '0 .j 0*0 5 3*1
'30 18 0 O'O ! 6 3*8

31 17 0 0*0
1 16 1

10*5
32 13 0 0-0 11 8*1

,33 . 14 0 0*0 5 4*0
' 34 15 0 0*0 27 22*5

It will be noted, from, the data recorded in Table II, that 488 out of a total of

503 sann-hemp plants succumbed to the disease, while 194 pigeon-pea plants out

of a total of 287 were attacked. The first flush of deaths in the case of the former

crop took place in the earlier part ofthe season when soil temperatures were rather

high and plants were comparatively young. The deaths ceased entirely after the

24th week. In the case of pigeon^pea the plants succumbed throughout the

period, more deaths however taking place in the later than in the earlier part of

the season and at a tkn^ when soil temperatures were comparatively low.
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Ib. order to see tke imnierical relatioBsMp of these associations, the siniple

ooeffioients of correlation were also calculated, and the values are given below.

Coeffioient of correlation between soil temperature and wilt

incidence in sann-hemp , . . . •

Coefficient of correlation between wilt incidence and soil

temperature in pigeon-pea . .

Coefficient of correlation between wilt incidence and maturity

insann-hemp . . . • ...
Coefficient of correlation between wilt incidence and maturity

in pigeon-pea . . . . . • •

It will be observed that none of the values is significant, which is manifestly

due to the fact that as the plot, which was not naturally infected, had been but

reoehtly artificially infested with the wilt pathogen, its index of infectivity of the

soil was not as high or as uniform as that of the former plot. But the complete

absence of deaths after the 24th week in the sann-hemp crop and the deaths that

continued to take place in pigeon-pea support in a general way the hypothesis

advanced in the first part of this paper.

DiSOXTSSION OS' BESTJLT3S

JData have been presented in the preceding pages which prove that tliere is a

close correlation between soil temperatures and the occurrence of wilt in the two
leguminous crops, sann-hemp and pigeon-pea. It has been further shown that

while in the former crop high temperatures favour the disease, low temperatures

seem to favour it in pigeon-pea. This hypothesis has been further supported

by the presentation of evidence derived from a second set of experiments.

Jones, Johnson and Dickson [1926] are inclined tQ the view that in the case

of vascular Fusarium wilts soil temperatures in the neighbourhood of 24-28 ^C.
favour^the disease. While this may be true in the cases investigated by them,
that does not seem to be so in sann-hemp.

In addition to soil temperature, the maturity of plants appears to exercise

some influence on the incidence of wilt. The simple coefficients of correlation

between wilt incidence and maturity of sann-hemp and pigeon-pea plants gave
values of

‘
’ which showed that while in the former crop this was partly true, it

was a significant relationship in the latter case.

When multiple correlation coefficients were determined in the two cases, high
values were again obtained, but the first order partial coefficients of correlation,
usin^ the data in the first table, showed that the influence of soil temperature and
maturity on the incidence of wilt is not due to either of these acting independently
but that it is a combined influenc©.

== *f 0* 170

== _ 0-366

— 0-104

+ 0-347

K'
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1. Weekly death records in sam-hemp and pigeor-pea due to wilt caused by

Fusarium msinfecfMm Atkinson indicated that high soil temperatures, between

28 and 33°C., favoured wilt in the former and low soil temperatures, between

17 and 29°C., favoured the disease in the latter crop.

2. It was noted that the maturity of plants also exercised some influence on

their susceptibility to the pathogen, more plants of sann-hemp dying in the

earlier part of the season and more of pigeon-pea succumbing to the disease

in the later.

3. The simple and multiple coefficients of correlation among the three varia-

bles, soil temperatures, maturity and wilt incidence, gave significant values, indi-

cating that the hypothesis is correct.

4. It was further noted that the values of partial coefficient of correlation

between wilt incidence and soil temperature, eliminating the effect of maturity, or

between wilt incidence and maturity, eliminating the effect of soil temperature,

were not significant, showing that the influence of soil temperatures and maturity

was a combined one on these crops.
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A NOTE ON THE INHERITANCE OE STERILITY IN
COTTON

J. B. HUTCHINSON

AND

P. D. GADKARI,

Institute of Plant Industry, Indore, Central India

(Beoeived for publication on 8th July 1935)

In 1930 two sterile plants were observed in a crop of Million Dollar ’’ cotton,

grown by the Physiological Department of the Cotton Research Station, Trinidad,

B. W. I. The seed from which the crop was grownhad been supplied by the senior

author, and was only two generations removed from the self-fertilised lines of the

genetic plots. The strain is a form of G. arboreurn {hmn.) var. neglecta (Wsbtt)

(as interpreted by Hutchinson and Ghose [1935]) and was obtained by
Dr. S. G. Harland from Nanking, China, in 1923. The crop in which the sterile

plants occurred had been carefully rogued for natural hybrids by the senior author

at the beginning of flowering. The steriles were only observed late in the season,

when they stood out owing to their continued flowering, and failure to set bolls#

They exhibited no characters which would support the belief that they might be

natural hybrids, and subsequent breeding experience with one of them confirms

the conclusion that it was pure ‘‘ Million Dollar’’.

The first sterile plant observed (known as Rogue A) was distinguished JBcom

normal plants by its very large flowers, and its complete sterility. All attempts

to obtain seed by selfing or crossing, either as male or female, failed. An attempt

was made to carry it on by grafting, and it was actually maintained for some months,

but all grafted plants failed to produce monopodial buds, and developed into a series

of straggling sympodia, which finally died off.

When Rogue A was discovered, a careful search for other similar plants was

made. In a crop of about one acre, one other sterile plant (Rogue B) was found.

This plant was in all respects similar to normal Million Dollar ” plants except

that it failed to set bolls, and consequently remained vegetatively vigorous when
fertile plants were declining as a result of the strain of boll production. On this

plant, one boll set after self-pollination, and one after open pollination. Grafts
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were made, and were maintained for some months. Gradually, however, one

grafted plant after another developed the typical large flowers of Rogue A, ceased

to produce monopodial buds, and degenerated into the bunch of straggling sympodia
typical of the last stages of grafted J^ogue A plants.

The selfed seeds obtained from Rogue B were sown in a greenhouse in Trinidad,

and eleven plants were obtained. All were highly sterile, and no seed was obtained

on selfing. Ten plants were vegetatively normal, and appeared to be typical of

Million Dollar except for their sterility. One plant produced very abnormal,

small, strap-shaped leaves, and very few small, deformed flowers. We are indebted

to Dr. A. Skovsted for ‘the information that the chromosome complement of this

plant was 2^1=26, as in normal Asiatic cottons. Examination of pollen under a

low power microscope showed that a very high proportion of the grains was shrivelled

and collapsed.

Crosses were made between sterile plants of the progeny of Rogue B and normal
**
Million Dollar ’h Using Rogue B plants as female two successful crosses were

obtained, one on plant 8 and one on plant 9. E^s of ten or fifteen plants were grown,

and aU were completely fertile. Three plants were grown in the greenhouse

(B. 8xM. D.-l, B. 9xM. D.-2 and B. 9xM. D.-3). Pollen of plants I and 2 was
examined. On plant 1 all grains appeared to be normal, while on plant 2, 4 per

cent of shrivelled grains only were observed. Backcrosses were made to norms-l

Million Dollar, and selfed seed was collected. Eg® were grown in 1932 in Trinidad

and in 1933 and 1934 at Indore, Central India. Backcross progenies were grown at

Indore in 1933 and 1934. EgS and backcross selfed progenies were grown at Indore

in 1934. Since the amount of had pollen gave an easily determined estimate of

sterility, pollen counts were made on all plants. Details of percentage of shrivelled

pollen in Eg, Eg
, backcross, and backcross selfed are given in Table I.
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The Fg progeny fell into two distinct groups. In one group most of the pollen

produced was bad and no seed was set either on selfing or by open pollination, while

in the other group nearly all the pollen was good and the plants gave a normal crop

of seed cotton.

The Fg data may be summarised as follows :—

•

Family Fertile Sterile Total

222

223*5 ,74v5

53

122

123

298

298-0

B. 8XM. D.-l .

B. 9xM. D.-2 .

B. 9xM. D.-3 .

Total (observed)

(On 3 : 1 basis)

The plants of tfie backcross were all normal, giving a low percentage of bad

pollen and a normal crop of seed cotton. Two families were grown from selfed

seed of backcross plants. One of them gave all fertile normal plants while the

other gave fourteen fertile, with little bad pollen, and five sterile with 60-100 per

cent bad pollen.
|

Seven small Fg ^families were grown. Of these, four gave only fertile plants

with little bad polient and three segregated, giving in all 13 fertile : 9 sterile plants.

The behaviour of all families agrees well with expectation on the basis of a

single-factor difference between fertility and sterility, with fertility dominant.

Sterility was equal on male and female sides, but was not quite complete. It thus

appears to resemble in genetic behaviour Beadle’s [ 1930 ] case of a gene for asynapsis

in maize. The original sterile Bogue B gave one somatically abnormal plant in

a progeny of eleven^ the others being somatically normal. This suggests that

the disturbance to gamete formation responsible for sterility has other effects also

which may he manifested among what few progeny are obtainable by selfing. The
somatic change which occurred ingrafts of the original Bogue B, whereby they de-

veloped the characferistics of the apparently completely sterile Bogue A, are of

considerable interest^ but investigation of the phenomenon depends upon the success

of attempts to induce similat changes in, sterile segregates from heterozygous lines

now under cultivation.
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Inteobtjotory

For the past few years the American cottons in Lyallpur have been afflicted

with a peculiar growth-abnormality. The chief symptoms of the disease have

been described elsewhere [ Afzal, 1933 ] and will only be briefly reviewed here.

The chief feature which strikes the eye is the diminution of all plant organs
;

the height of the plant, size of intemodes, leaves, floral organs and the bolls are

very much reduced in size. In addition, the leaves bear streaks of light yellow

colour and appear mottled. There is fairly profuse flower-bud formation, but

the shedding is likewise high and in extreme cases leads to sterility. The bolls

which are formed give but few viable seeds. The attack may either be con-

flined. to a few limbs or the entire plant may be affected.

The disease was first noticed at Lyallpur on a few plants of American cotton

in 1929, but continued to spread in later years and came to be reckoned as a

serious disease of cotton. Dp to 1933 it was only known to attack American

varieties of cotton, but during this year one plant of O, indicum at the Cotton"

Research Station, Lyallpur, and two plants of Mollisoni at the Agricultural Farm,

Sirsa, were also attacked. Since then many more plants of Desi cotton have been

attacked.

Since its first appearance in 1929, the disease has continued to spread year

after year and became a menace to"" cotton-growing in the Punjab Agricultural

College Estate. .

( 624
)
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Diseases of cotton of a similar nature have been reported from the United

States of America [ Cook ;
1913, 1924, 1927 ], West Indies [ Nowell, 1914 ], China

and Haiti [Cook, 1920, 1923] and Southern India [Kottxir and Patel, 1920].

Of late 5^ears the disease has attained serious proportions in parts of Bombay
Presidency. From ail outward appearances the disease in Bombay appears to

be very similar to that present in the Punjab, but in Bombay it attacks the

indigenous varieties of cottons, while in the Punjab the attack is mostly con-

fined to American cottons. A careful study of the diseased plants has shown

that the disease found in the Punjab is very similar to
^
‘ Stenosis or SmaUing ”

described by Cook [ 1924 ] and the same name has, therefore, been tentatively

given to the disease.

Extent op DAHAa®

As has been said above, the extent of the damage caused by the disease

at the Punjab Agricultural College Estate has increased every year since its

incipient appearance in 1929. Counts made in 1932 showed that a little over

40 per cent of the plants were attacked in certain fields. During 1933 an attempt

was made to collect data regarding the occurrence of this disease in other parts

of the Province, hut on account of the lack of staff much headway could not

be made. The Indian Central Cotton Committee were, therefore, requested to

provide funds so that a thorough survey of the incidence of the disease could be

made throughout the cotton-growing tracts of the province. This was under-

taken in 1934 and the present note mainly embodies the results.

Plan of work

A village-to-village enquiry was made in all the important cotton-growing

tracts of the province and information collected regarding the prevalence of the
disease, its time of appearance, etc. In aU 138 villages were visited, but the
disease was recorded from eight only, for which detailed data are given in Table I.

It will be noticed that the disease was present only in a few places in Lyallpur,
Multan, Lahore and Sargodha districts. It was most severe in Lyallpur, while
only occasional plants were met with in the other three districts. The rest of
the villages visited were found to be free from this disease.
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Detailed records were taken at the Cotton Research Station, Lyallpur, and

it was. found that the attack starts in July and increases progressively till the

middle of September, after which there is no further increase. Figures appear

in Table II,
'

Tabm II

Fefcmtage of aitach at different periods of growth

1932 1934

I

Date of

'

]

Percentage of Date of Percentage of

observation attack
;

observation attack

IsfcJuly 1*7 13th July . 3-87

ist August . , 16*3 2nd August 5*48

1st September 42*6 17th August 10*09

1 3rd September . 15*03

15th September 16*40

k certain degree of varietal preferences is also exhibited by the disease as the

following figures will indicate.

Table III

Percentage of attack m different varieties

Name of variety Percentage of attack

4F 10*58

43 F 2*75

289 F 17*46
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Although the diseased plants are scattered about irregularly in any one

field, the severity of the disease varies with different localities. The subjoined

figures from fields situated in different parts of the Agricultural Research Fann,

Lyallpur, show this point very clearly.

Table IV

Percentage of attach in different fields

Variety Square No. Percentage of

attack

Remarks.

L.S.'S. 27 20*26
"

38 F . 27 20*16 Rich land, well manured
and intensively eulti-

45 F . 27 20*61 J vated

L. S. S. . 32 3-02 ^

38 F .

'

32 4*92 > Light land

45 F . ... 32 4*92 ^

The above figures are, in a way, rather remarkable. The locality in which

the crop is grown seems to have a preponderating effect, while the varietal

differences in the severity of attack sink into insignificance.

Nature of the bisease

Although similar diseases of cotton have been extensively reported from

various parts of the world, their exact nature has not so far been discovered.

Likhite and Desai [ 1935 ] have discovered an excessive accumulation of

starch in the stenosised organs but this accumulation of starch appears to be the

result rather than the cause of the disease.

A few preliminary experiments to find out the nature of the disease were

performed and are briefly described below:

—

(u) Virus nature

In order to ascertain if the disease was of virus nature the following experi'

ments were performed

(i) Juice Ten plants of each of 4F, 289F and 43F were
inoculated with an extract of diseased plants at different ages. Thus, in all

119 plants were inoculated but none of them showed any sign of disease.

{ii) Grafting,—Both, the touch method and the bottle-grafting method
described by Harland were used on several plants and no transmission of the
disease from the diseased to the healthy branch was noticed.
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(b) Possible hereditary

Heil'-iired need procured from the smail-s.ized bolls borne on plants affected

'bj smaliing was sown in 1930. The resulting crop was absolutely normal in

ail ways and showed no attack "of disease. The same experiment was repeated

diiriiig 19345 tlie progeny of the plants showing no sign of disease. This goes

to show that the disease is not of a hereditary nature.

(g) Selation of disease to soil conditions

Bifferent fields of the xigricultural Research Farm, Lyallptir, have, this

year, shown varying degioes of attack. ' This points to some . type of relation-

ship between the kind of soil and the severity of the disease. More figures are,

however, required to thoroughly establish this point.

OtHEB PIANTS ATPAOKIB BY ‘‘ SMALLINO ’’ OB A BISBASE VEBY SIMILAB TO IT

An effort was made to find alternative host plants, if any, and it was found
tliat the following crop plants were attacked by a disease which in outward appear-
ance is very similar to the smallmg ” of cotton :

—

Lobia {DoUchos Lablab)

Mumj {Fhci,seolu$ Mung)

Mash {Fhaseohw mdiatus) .

Chillies (Cufmcum annumn)

. A very large number of plants found in

cotton fields at Lyallpiir.

1
>Found in a village near Jaranwala in the

. J Lyallpur district.

. Found in several plots in the Lyallpur and
Ludhiana districts.

It is suggested that an exhaustive study of the alternative host plant is likely

to tlirow a great deal of light on tlie modes of perennation of this disease. This
work is now in progress.

Conclusions

The following general conclusions could be drawn :

—

(i) The disease is serious in the Punjab Agricultural College Estate
and neighbouring fields, while it is reaUy of no consequence in the other parts
of the cotton belt of the Punjab.

(u) The disease primarily attacks the American varieties of cotton, while
very few plants of the indigenous varieties are attacked.

{iU) The attack starts wlmn the plants are about a month old. The
disease fa very active during August and early part of September.

(it?) The plants wMoh are attacked while still yoiufig, remain very much
stunted in size and bear either none or, very few small bolls.
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(v) Tiie attack spreads upwards in the plant from the incipient focus in

a iMiiy regular way, but sometimes a few limbs escape the effects of the disease.

(vi) The disease is not ofa hereditary nature. It is, however, not definitely

known, whether it is physiological in character or. a virus. Its relationship with

soil conditions is likewise obscure.

(vii) Certain other crop plants showing symptoms similar to those of

cotton have been found.
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I. Iktrodijction

Fmaria were regarded by de Bary as nothing more than obligate saprophytes.

Later a large number of investigators reported the association of these fungi

with various diseases of field and garden crops, but it was Smith [1899] who first

demonstrated by experiments the exact relation of Fmarium to wilts of cotton,

water-melon and cow-pea. Duggar [1909] wrote “It is apparent that the old

view which held species of the genus Fmarium to be largely saprophytic, must
be considerably modified and Stevens [1925] has recently remarked.

Taken as a whole the genus is one of the most injurious with which plant

pathology has to do In India the more well-known ca^es of their parasitic

activities are the wilts of economically important plants, such as Cajarms indiem,

Gicer arietinum, Oosaypiwm sp. and the rote of potatoes.

Most of the Fumtia collected by the writer were growing saprophytically. In
view of the above remarks it was thought that an interesting result would be
obtained if some of them at least showed parasitic activities. The present paper
gives an account of the artificialinoculation experiments carried out on apples and
potatoes with six species of Fmarivm.

n. SOUKOB OF TB3& WusmiA

L F. camptoooras Wr. et Rkg.-—Rrom the ear of bajra {Pennisetum typhoideum )

.

2 . F. inmna^mm (Rob.) Sacc. re-named as F, semitectum var. majus, Wr.—

-

From a darkened young shoot of marmelos,

( 632 )
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3. jF. semitectum Berk, et Bav.—^From greyish spots on a green fruit of

Citrus medica.

4. diversispoTUM Slierb.—^From the petiole of a wilted leaf of C(tried

papaya.

5. F. viride (Lechm.) Wr. re-named as J?'. solani var. medium Wr,—From the

base of the stem of a wilted Cajanus indicus,

6. F. moniliforme Sheldon.—^From dead leaf sheath of Andropogon Sorghum,

The writer is greatly indebted to Dr. Wollenweber for identification of the

species.

Bacteria-free single spore cultures grown on Brownes medium were the

sources of the inocula.

III. Inocudation of apples

The apples used were of two varieties namely the ‘‘ hill ” apple and the

Kashmir ’’ apple*. They were specially selected to ensure, as far as possible,

apples of the same quality and age. They were washed thoroughly in water,

wiped dry and then swabbed lightly with alcohol. Inoculati<!;^s were made by the

method devised by Granger and Horne [1924] and used by Mitter and Tandon

[1929]. Briefly the process may be described as follows.

A sterile cork-borer was thrust into the apple. It was then taken out along

with the plug of the tissue of the apple and suspended over mercuric chloride

solution to prevent, contamination. The.inoculum was placed in the cavity and the

plug was replaced by pushing with a sterile glass rod passing through the cork-

borer. It was then sealed with a melted mixture of paraffin and beeswax led

‘around the margin of the plug. The inoculated
.
,a;^le was then rubbed

lightly with alcohol and wrapped in sterile paper. A minor change, which

proved useful, consisted in using a straight needle for inoculations in place

of the usual hooked one. Five apples of each variety were inoculated with

one species Fusarium and therefore 60 inoculations were made. Ten
apples, five of each variety, similarly treated but not inoculated, were kept as

controls. The apples were left undisturbed for 35 days at room temperature

(19-5°-22*8° C,). The rots were measured by weighing the apples first,

scraping out the rotted tissue very carefully and then weighing a second

time. The difference between the two weighings gave the amount of rotted

tissue and from the figures the percentage of damage was calculated.

^ The “ Kashmir ” apple differs from the other in being elongated in the vertical
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Table!

Showing the result of inoculation of apples with P. moniliforme and F. viride

Fungus
Variety of

apple

used

No. of
apples in-

!

oculated

No. of

apples
infected

, Mean diameter
of diseased

area
(cm.)

Mean
percentage

of rot

F. moniliforme . ‘‘Hill’" .

'

5 4* 3*8 X 3*6
.

1

22*32

“Kashmir”. 5 5 3*7 X 3*4 21*7

F. viride . “Hill” 5 5 1*9 X 1*7 1*52

“ Kashmir ”

.

1

5 1*6 X 1*4 1*36

*Ilot of the fifth apple was due to Fenicillmm as well as Fusarium.

Both the varieties of apples inoculated with F. moniliforme (Plate XXIX,
figs. 3, 4) showed an average damage of 22*01 per cent. Those inoculated with

F. viride (Plate XXIX, fig. 2) showed on an average only 1*44 per cent

damage. Apples inoculated with F, camptoceras, F. semitectum and F, incarnatum

and the controls remained perfectly sound and showed no signs of rot or decay

(Plate XXIX). That the rots measured were due to the Fusaria with which

apples were inoculated was proved by the isolation of the respective Fusaria^

unmixed with other fungi, from aseptic blocks cut from the diseased part of

each apple just before scraping. Only in the case of F. moniliforme the fifth

apple of the ‘‘ hill ’’ variety showed a much greater rot and from it Penicillum

mixed with Fusarium was isolated. This apple was nbt included in the estimation

of the rot. The above experiment has been repeated with similar results, F*

moniliforme showing a decided wound-parasitism on both the varieties of apples.

Unfortunately in the second experiment no apples were inoculated with F\ viride

and so the results obtained in the previous experiment with this fungus could not

be verified.

The writer has not come across any published record of the occurrence of

Fusarium on apples in India. He is also not aware of any record of F. monili-

forme as showing any kind of parasitic activity on apples in India.

^

IV. iNOOUXiATION OF POTATOES

Granger and Horne [1924] point out that the method of inoculation used for

apples is not applicable to potatoes, for the successful removal of a plug depends
on the friction between the tissue of the thing to be inoculated and the surface

9f the cork-borer. The tissue of potato being soapy it is almost impossible to
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MITRA-PHOTO

6 7 8 9
1 . ''HilF’ apple used as control, showing no rot. 2 . ''Hill” apple showing the slight rot caused

by jP. mride. 3 . “Hill” apples showing the rot due to F. moniliforme, 4, “Kashmir” apples

showing the rot caused by F. mondliforme. 5, Half of a potato showing the nature of the dry rot

caused by F. viride (Cj.). 6 . Entire potato showing the dry rot caused by F.- viride^
\
T. Entire

potato showing the dry rot caused by the saltantNo. FV 3 . of F. wide (CjS.) 8 . Potato inoculated

with F . campocems (Bj.) showing no rot. 9. Potato inoculated m±h Fi momlifom showing no rot.
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Temove an undamaged plug. For this reason the following method was adopted.

The surface of a previously washed potato was swabbed lightly with alcohol. A
sterile cork-borer was inserted into it for some distance. It was then taken out

and the plug that remained attached to the tissue of the potato was cut half

way down by the tip of a sterile pointed scalpel w^hich was inserted obliquely

at any point in the circular cut made by the borer. The detached plug was lifted

up by the pointed end of the scalpel inserted in it a little sideways and the inoculum

was put into the cavity. The plug was replaced and sealed with a melted mixture

of paraffin and beeswax. As usual it was then wiped with alcohol and wrrapped

in sterile greased tissue paper. That this method is quite satisfactory is proved

by the fact that out of more than fifty potatoes that were inoculated not one

showed any rot due to foreign infection. Six potatoes were inoculated with a

single species of Fusarium and six similarly treated but not inoculated, were

kept as controls. They were left undisturbed for 24 days at room temperature

(20 '^-25'^ C.). In this case no attempt was made to determine the amount of rot.

Besult :*

—

Potatoes inoculated with F. incarnatum—undamaged.

Potatoes inoculated with F. —‘Undamaged.

Potatoes inoculated with F. semitectum—undamaged.

Potatoes inoculated with F, semitectum sdltmt—^FSi. (This saltant

originated as a sector in a Petri dish culture during a cultural study
of the parent. It has been described by Mitra [1934, 1])—undamaged.

Potatoes inoculated with F. camptoceras—^undamaged (Plate XXIX, fig. 8).

Potatoes inoculated withF. undamaged (Plate XXIX, fig. 9).

Potatoes inoculated with F, viride—all showed heavy infection, about half

of them being rotten (Plate XXIX, fig. 6).

Potatoes inoculated with F. viride saltant—FV^. (Origin and character given
in ‘Mitra [1934,1] ; showed the same damage as the parent.)

(Plate XXIX, fig. 7).

Potatoes used as controls—all remained healthy and showed no wrinkles*

The rots caused by F. viride and its saltant were dry rots, the nature of which
is shown in Plate XXIX, figs. 5, 6, 7. The rotted potatoes showed a wrinkled^

sunken patch round the plug and whitish pustules were observed to come out
on the surface near the plug. F. and its saltant were isolated in a pure
form both from the aseptic blocks cut from the diseased parts of the potatoes
and from the whitish pustules on the surface.

* A preliminary report on the parasitism of F. viride was published as a note
entitled /*

. A new womidparasite of potato tubers ” in Nature 133, page 67 :

January 13, 1934.
^

m2
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In answer to an enqnirv, Mr. S. F. Ashby of the Imperial Mycological Institute,

Kew, informs the writer that he has not been able to find a record of F, viride

on potato nor of any tests of its parasitism on that host. Recently Wollenweber

[1931] has re-named this fungus as F, solani var. medium Wr. but its pathoge-

nicity does not appear to have been tested. Out of the many investigators who
have reported the occurrence of F. solani (Mart.) App. et Wr. on rotten potatoes

only Kasai [1920] maintains that he obtained positive results with artificial inocula-

tions. This species according to Schmidt [1928] is a saprophyte very liable to

confusion with the closely related F, caeruleum which is known to be a virulent

parasite of potatoes and according to Wollenweber [1923] is a fast spreading

inhabitant of rotting potatoes

V. CONOLIJSIONS

From the foregoing experiments it is seen that some of the species of Fusarium

are restricted in their capability to parasitise different hosts. F, camptoceras

apparently growing parasitically on Pennisetum typhoideum could not infect either

apples or potatoes. F. viride could infect potatoes heavily, when wounded arti-

ficially, but showed a very weak and doubtful parasitism on apples. F. monili-

forme, on the other hand, heavily infected apples but was unable to

parasitise potatoes. The saltants did not differ from their parents in their para-

sitic activities on the potato. The saltant of F. viride was as virulent as its parent

while both F. semitectum and its saltant lacked parasitic power. Working with

Mitter [1929] found that the saltants tested exhibited less virulence

on apples than their respective parents,

Fusarium diversisporum has been shown by Sherbakoff [1915] to be a rot

producer of potatoes but under the conditions of the present experiment this

organism was found to be quite incapable of producing a rot.

The Fmaria that showed parasitic activity were mostly capable of growing

saprophytically. Of such forms F. moniliforme is also recorded to cause corn

mold disease in America by Leonian [1932] . This confirms the general experience

that at least some of the Fttsana growing saprophytically in nature are not

obligate saprophytes. Some of them under certain circumstances are able to

show parasitic activity and it is possible that if they cannot infect healthy fruits

and tubers, they may still cause their rots by getting into the tissues through

accidental wounds.

VI. AoraOWLBDaMENT

Tlie writer wishes to acknowledge his indebtedness to Professor J. H. Mitter

for suggesting the problem and for helpful guidance.
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Summary

1. Six species of Fusarium, viz., F. camptoceras, F.viride, F. diversispomm,

F. incarnatum, F. semitedum and F. moniliforme were tested as to their parasitic

activities on apples and potatoes by artificial inoculation.

2. F. moniliforme was found to be able to cause a great amount of rot in both

the Kashmir ” and hill ” varieties of apples.

3. Potatoes were attached only by F. viride {F. solani var. medium Wr.)

which caused a dry rot.

4. Saltants tested exhibited the same parasitic activities on potatoes as their

respective parents.

5. As the Fusaria that showed parasitic activities were growing as saprophytes,

it is seen, that if they cannot infect healthy fruits and tubers, they may stEl

cause a rot by getting into their tissues through accidental wounds.

6. So far as the knowledge of the writer goes there is no published record

about F. moniliforme and F. viride [F. solani medium) as showing wound-

parasitismi on apples and potatoes respectively.
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(With Plate XXX)

PennisdumtyphoideslBxivm.) Stapi, and Hubbard [Syn. P. typhoideum

Rich] is the pearl millet, ' hajra

'

of North India and ' cumbu

'

of Madras.

The earhead of this millet is spike-like, being composed of a central rachis

and a number of seriately disposed, closely-packed fascicles. Each fascicle

includes one or more spikelets and a whorl of free bristles. A single

spikelet is really a secondary spike having an upper and a lower floret, the former

being hermaphrodite and the latter staminate, sterile or barren. Surrounding

the spikelets in each fascicle there are 30-70 bristles (average 40). The outer

• bristles are shorter- than the inner. In most cultivated varieties these bristles

are not prominent. Godbole [1927] notes that the number of these bristles

decreases as the number of spikelets within the whorl increases. Rare instances

have been met with in which the longer individuals in this bristle group elongate

much beyond the grain surface of the spike and give the earhead the hairy look

associated with some ofthe races of theltalian (fox-tail) millet (Plate XXX, fig, 1)

.

The occurrence and inheritance of these bristles in the Italian millet has been
worked out [Rangaswami Ayyangar et al. y 1933,1]. The fact that some of these

bristles in the Italian millet bear spikelets their ends has been noted and the
inheritance of this peculiarity studied [Range swami Ayyangar ei aL ; 1933,2]. In

Paper read before the Agricultural Section of the 22nd Session of the Indian
Science Congress, January 1935

( 638
)
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some African races of the pearl millet recently received at Cdimhatore, a tendency

to shedding of spikelet whorls was noticed and it would appear tha t this disability

must have militated against the perpetuation of many long-bristled types as

economic varieties. Evidently the spike-like disposition of the grains is incon-

sistent with the accommodation of obtrusive bristles. That the reduction in

bristles, both in number and in length, has kept pace generally with the packing

of the grains on the earhead, will be obvious from P. leonis (Stapf. and Hubbard)

which has the densest ear and the shortest bristles.

In the year 1.928 certain bristled earheads which occurred in a collection

from the Bellary District of the Madras Presidency were sown at the Millets

Breeding Station. In five of the plants raised, odd bristles were noted to have floral

parts attached to their ends. These were first suspected to be dry anther sacs

sticking on to the bristles, but later on were found to be definite out-growths

from the latter (Plate XXX, fig, 2). These bristles were obviously continuations

of the fascicle axis and bore the spikelets at the ends as lateral appendages.

Beyond these appendages, the bristle got prolonged, but by the shedding of the

prolongation at maturity the spikelet appeared as the apparent end of the bristle

(Plate XXX, figs. 3 and 4). The occurrence of the spikelet-bearing bristles was
however noted only in comparatively short-bristled earheads. Seeds from such

earheads were sown and in the year 1930, out of 337 plants thirty-one showed these

abnormalities. Two of these earheads were selfed and in 1931 when these were

sown, forty-nine out of 16'6 manifested this abnormality. The increase in number
is not surprising in the selfed material of this protogynous crop. Two heads were

again selfed and in the 1932 crop ninety-eight out of 200 plants had earheads

showing stray bristle-bearing spikelets. A detailed analysis of this population

was made in that year. It was noticed that there was a total of 673 earheads and
of these 309 had spikelet-bearing bristles. In these 309 heads, the number of

such spikelet-bearing bristles was on an average twenty, with a range from one
to sixty per head, though in odd cases it went up to a hundred. Of these

spikelet-bearing bristles all the spikelets at the ends were examined and it was
noticed that only 166 bore grains out of a total of nearly 3,500 spikelets. These
grains had eighty-eight per cent of germination while the ordinary grains had
ninety-five per cent. They weighed half the weight of an equal number of

normal grains.

These results show that the more prominent of these bristles are the prolonga-

tion of the fascicle axis with stray tendencies for developing lateral spikelet

appendages a little below the apex. That they could have normal spikelets in

rare instance has been shown above. The reference of Hofmeister to bristles

bearing glumes is not clear. If there were indications of these glumes, a wider
search would have led to the detection of at least weak spikelets on some
of the bristles. Arber [1931] does not favour Hofmeister’s view but is

inolined to regard th^ ultimate bristle-shoots as equivalent to spikelets. The
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existence of these spikelets with their usual complements of hermaphrodite and

sterile flowers on the more prominent of these bristles, leads one to conclude that

these grain-bearing bristles are prolongations of the fascicle axis. This pheno-

menon wii], we expect, throw fresh light in the interpretation of histological data

through wdiich the origin of these structures has till now been sought to be

pursued.

These spilrelet-bearing bristles have also occurred in other imported varieties

both African and Indian. Their occurrence in their new habitat may add weight

to isolated observations in respect of other latent characters and may be consi-

dered as part of the reactions consequent on new place effect

.

Summary

In PpMnisetum typhoides (Stapf. and Hubbard)—the pearl millet, spikelet-

bearing bristles have been met with. Their examination sets down the bristle

as the prolongation of the fascicle axis. The spikelet is borne as lateral

appendage, near the end of this prolongation.
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ABSTRACT

Tte Storage ©f Avocado Pears. C. W. Wabdlaw and E. Leoitabb.

{Mem. No. 1 of ihe Low Temperature Eesearch Station of the Imperial College of
Tropical Agriculture^ Trinidad^ British West Indies^)

The following are extracts from thie above paper

Intbodtjction

In preliminary studies relating to the storage behaviour of West Indian avocadb
pears ( 1 ), it was found that the majority of local “ varieties” were unsuitable for refri-

gerated transport overseas because of their tendency to chill at temperatures insuffi-

ciently low to retard maturation processes. The fact that a few ‘‘ varieties ” were
sufficiently cold-resistant, however, indicated that further storage trials might be
undertaken with useful practical results. Accordingly, during the avocado season

of 193t:, a comprehensive series of storage experiments was again carried out, the

results of which are summarised below. With a view to elucidating peculiarities in

the physiological behaviour of this fruit during ripening, investigations into the

nature of respiration, chilling, tolerance of gas-storage and relevant biochemical
aspects have also been commenced.

Gbnebal observattohs

Anticipating, for the sake of greater clarity, observations and conclusions subs-

tantiated in later sections, some general characteristics of West Indian avocado pears
may be briefly mentioned at this point.

1 , With very occassional exceptions, {e.g., the Pollock variety), W^est Indian
avocados are of seedling origin and show a striking range in variation in a number of
important characteristics

;

(a) shape may vary from small sub-spherical fruits to elongated bottle-necked
fruits of large size

;

(5) colours include dark green, pale green, yellowish green, and purple 5

(c) the skin may be thick or thin, waxy or dull, rugose or smooth, relatively
soft in texture or distinctly woody

;

{d) flesh colour varies from a medium yellow to pale greenish-white ;

(e) leaving aside questions of palatability which are difficult to define, but
which may range from an insipid, floury to a rich nutty flavour, the
.flesh may vary in the matter of oil-content, development of fibre and
thickness;

( 1 )
“ Preliminary Observations on the Storage of Avocado Pears by C. W.

Wardlaw, Tropical Agriculture, XI, No. 2, pages 27-^36, 1934.

( 641 )
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if) variations are also readily apparent in the size and shape of the stone

its proportion to the total weight of the fruit, and the nature of its

insertion, i.e., loose or adherent to the flesh.

1, Diiring cold storage, even at relativ’^ely low temperatures, maturation processes

Slowly continue so that fruits ultimately become ripe and Anally over-ripe. In the

few varieties which are sufficiently cold-resistant or tolerant of low temperatures, such

ripening apparently takes place in a more or less normal manner, the flesh at maturity

being of good flavour -and free from internal breakdown, discolouraticn or other

obvious abnormalities. On the other hand, in the majority of varieties, ix., those

which do not possess adequate cold-resistance, maturation processes also continue

but it is evident that the metabolic trend is abnormal. Thus, although such fruits

eventually become soft in cold storage, inspection of the flesh at once shows that

chill effects have been induced. The range in genetical constitution outlined above is

strikingly exemplifled in the matter of eold-resistance : this extends from varieties

subject to chilling after 15 days at 53°F. to those which ripen normally during 40

days at 40®F.

3. A comparable though not necessarily parallel variation in response to gas-

storage conditions has also been observed: this ranges from fruits which mature

normally after treatment to atmospheres containing sub-normal oxygen or high carbcn

dioxide concentrations, to those in which pronounced pathological symptoms are

induced by such treatments,

4. Considerable differences arc also apparent in the rates of ripening of different

varieties under controlled conditions and in their subsequent keeping quality.

5. Variations in genetical constitution are reflected in the resistance of different

varieties to anthracnose and to other storage diseases : this ranges from fiuits which
are severely affected in the field prior to reaping to those in which little wastage
develops even after prolonged storage. So far susceptibility to fungal pathogens has
not been correlated with any particular type of rind.

6. In general, the collective genetical characters of West Indian avocado pears
and the impress of climate and environment are such that the behaviour of varieties
in cold storage shows marked departures from the records obtained by investigators
elsewhere.

* * ^ * * Sf! Sf:

BUMMAEY ANB EECOMMENbAtrON^^^

L An account is given of further investigations into the cold storage behaviour
of West Indian avocado pears, with a view to preparing tlie way for an export industry
to Canadian and British markets.

2. West Indian avocado pears show a striking range in variation in eolcnr, shape,
size, texture ofskin, proportion ofstone to pulp, colour and fibre-content ofpidp and
in palatability. When fruits are placed in cold storage this genetic variability is
further reflected in differences in keeping quality, susceptibility to fungal pathogens.
rate of ripening and to tolerance oflow temperatures.
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3. In confirmation of earlier investigations, it was again found that a large

majority of Trinidad varieties do not possess the keeping quaUty and are not suffi-

ciently cold-resistant to be held for normal commercial periods (16-26 days) at 46'’F.

At this temperature such varieties are subject to chilling, with concomitant discoloura-

tion of the pulp and in some instances of the skin. On the other hand, if these

varieties are kept at higher temperatures, i.e., above the chilling temperature, consign-

ments are liable to become over-ripe before the normal and relatively briefstorage period

has elapsed. It follows, therefore, that in developing avocado orchards and in or-

ganising an export industry, only those varieties should be used which are known

to possess adequate cold resistance. In practice, this means that the majority of

avocado typos scattered throughout the Westlndies, though excellent for local con-

sumption,Should not be used for export. Tliis leaves a relatively small minority

po.ss6ssing the low temperature resistance and keejjing qualities necessary for es-

tablishing West Indian fruit on distant markets. Thus, from current investigations,

it is recommended that some or all of six varieties should be used during the commg

avocado season for trial shipments, the fruits to be picked full-grown, but quitefirm, or in

colouring varieties, full-grown but green, suitably packed and protected in slatted crates

and transported at a steady temperature of 45°F. These stocks should also be used for.

propagating purposes. Casual shipments of varieties not adequately tested for keeping

quality and low temperature resistance should he discontinued : not only are such consign-

ments almost certain to arrive on distant markets in badwondiUcn and thereby create

prejudice against West Indian produce, but repeated failures uill also result in the dis-

oouragement locally of a possible export industry,

4. The phenomenon of chilling in avocado pears presents points of considerable

scientific interest. It may be manifested in different ways in different varieties. A

notable feature of chilling at the storage temperatures used is that complete kilhng of

the internal tissues as a result of over-refrigeration does not take place. On the con-

trary, maturation processes continue but follow an abncimal biochemical trend,

finally culminating in the production of a soft hut darkened pulp of poor flavour.

It has been shown that the onset of chilling is closely associated with npemng pro-

cesses, when the fruit, which is then passing through a critical stage, is apparently more

subject to modification under the impact ofexternal factors,

6 As anticipated in earlier researches, certain varieties lend themselves to pre-

servation by gas-storage methods. Here again, however a considerable range in

variation is apparent, some varieties being intolerant of high concentrations of GO,

or low concentmtions of O,. In extension of this aspect of P^ation. fmits were

smeared with different substances to determine if ripening could he delayed without

iniurv to the fruit. The results obtained show that the apphcation of relatixely

impermeable substances definitely delays ripening. Further search for a smtable

coating is, however, necessary, as those sc^to tested limit gaseous interchange to an

extent inimical to normal ripening.
.

. ,
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MOTES

FACILITIES FOR TRAINING AT THE TECHNOLOGICAL
LABORATORY, MATUNGA, BOMBAY

As in the past the Technological Laboratory will admit this year two stnc^ents

for training in the elements of spinning and the routine methods of testing cotton

fibre and yam. The selected candidates will be expected to join on the 2nd

December 1935 and will conform to the Laboratory regulations regarding hours of

work, etc. The course normally lasts for a period of six months and a fee of Rs. 50

only will be charged for the full course.

Candidates desirous of admission should submit written applications to the

Director, Technological Laboratory, Matunga, Bombay, so as to reach him not

later than the 1st November 1935.

THE WOODHOUSE MEMORIAL PRIZE

The following announcement has been received from the Director of

Agriculture, Bihar and Orissa

In memory of Mr. E. J. Woodhouse, late Economic Botanist and Principal

of Sabour Agricultural College, who was killed in action in France in 1917, a

biennial prize in the form of a silver medal and books of a combined value of

Rs. 100 will be awarded to the writer of the best essay on a subject of botanical

interest to be selected from the list noted below. The length of the essay should

not exceed 4,000 words.

The competition is open to graduates of Indian Universities and to Diploma-^

holders and Licentiates of recognised Agricultural Colleges in India who are nof-

more than 30 years of age on the date of submission of their essays.

Papers should be forwarded to the Director of Agriculture, Bihar and Orissa,

Patna, before November 1st, 1936|i

Failiog papers of sufficient merit no award will be made. IJssays must be
type-written on one side of paper only.

1. Intergenerio hybrids and their importance to agriculture.

2, The problem of rust of wheat in India.

3. The constancy of agricultural and botanical characters of paddy and theii

suitability for being used in a scheme of classification.

4, Rotation of crops in relation to the eradication of weeds.

( 644 )



. THE MAYmRD-GANGA

In 1925 the late Sir Ganga Ram, Kt., C.I.E., M.V.O., R.B., Lahore, with that

gerj.erosity for which he was so well known, handed over to the Punjab Government
a sum of Rs. 25,000 for the endowment of a prize of the value of Rs. 3,000 to be
called the Maynard-Ganga Ram Prize and to be awarded every three years, for a
discovery, or an invention, or a new practical method which will tend to increase

agricultural production in the Punjab on a paying basis. The competition is open
to all throughout the world. Government servants are also eligible to compete
for it.

Entries for the next awardwereinvitedby the 31st December, 1933. None
of the entries was considered to be of sufficient merit and it has been decided by the

Managing Committee of the prize that the award should be postponed for another

year and that further entries should reach the Director of Agriculture, Punjab,

Lahore, on or before the 31st December, 1935.

Applications are invited for The Maynard-Ganga Ram Prize ” of the value

of Rs. 3,000 which will be awarded for a discovery, or an invention, or a new
practical method tending to increase agricultural production in the Punjab on a

paying basis. The prize is open to all, irrespective of caste, creed or nationality,

and Government servants are also eligible for it. Essays and theses are not eligible

for competition. The applicants should prove that some part of their discovery,

invention, etc., is the result of work done after the prize was founded in 1925.

The Managing Committee reserves to itself the right of withholding or post-

poning the prize, if no satisfactory achievement is reported to it. All entries in

competition for the next award should reach the Director of Agriculture, Punjab,

Lahore, on or before the 31st December, 1935,

i m )



MEETING OF THE PERMANENT COMMITTEE OF THE
INTERNATIONAL INSTITUTE OF AGRICULTURE

The Permanent Committee of the International Institute of Agriculture

at its Summer meeting recently concluded, after disposing of several questions of

internal interest treated other subjects of an international order.

The Committee resolved to collaborate with the Hygiene Organisation of the

League of Nations, with the object of arranging an International Exhibition of

Rural Housing, to be held in Rome under the auspices of the Italian Government

in 1936.

Jt also made certain modifications in the ^regulations for the Agricultural

Economic Committee, one of the Institute’s consultative organs, in order to

secure more expeditious working, and received a report on the results of the In-

ternational Diplomatic Conference for the standardisation of the methods of

wine analysis in international trade, results to which considerable publicity has

already been given.

In addition the Permanent Committee approved the report of the last meeting

of the Joint Agricultural Consultative Committee held at Geneva, 28-29 May.
This body is an organ of Liaison between the Institute at Rome and the Inter-

national Labour Office.

The Committee also arranged for the representation of the Institute at

various International Congresses to be held during the summer and autumn of

the current year, and decided to invite the Cth International Congress of Horti-

culture to usp the assembly hall and committee rooms of the Institute for the

purposes of its forthcoming jneeting.



NOTICE

Copies of tli0 undermentioned pubiicatioiis are available for free distribution, pro-

vided the cost ofpacking and postage or railway freight is met by the indentor, Appli*

cation should bo made to the Secretary, Imperial Council of Agricultural Research

(Publication Section), Imperial Record Department Building, New Delhi ;

—

1. Manual of More Deadly Forms of the Cattle Diseases in India (1903). 3rd

Edition.

2. Notes on the Cattle of Mysore, by A. Kristnasamiengar and Captain H. T.

Pease (1912).

3. The Indigenous Breeds of Cattle in Rajputana, by Major F. S. H. Baldrey

(1911),

4. The Fodder Grasses of N. India, by Duthie,

5. Some experiments in the treatment of surra in camel (1913).

6. Treatment of surra in horses by means of arsenic and its derivation.

7. Cure of surra in horses by the administration of arsenic.

8. Immimization against Charbon Symptomatiqiie by means of a single vaccine

(1909).

9. Report on the experiment carried out to test the susceptibility of cattle for

several diseases and on improved method of rinderpest serum preparation

(1913).

10.

Flax in India, by Robert S. Finlow (1918).

1 L Catalogue of Ferns in the Herbarium of the Government of India at Saharan-

pur (1890).

12. Agriculture in India, by James Mackenna (1915).

13. Report of Mr, C. S. Marten on the Foreign Market for Indian Timber (1927).

14. Report on the extension of cinchona cultivation in India, by Lt.-CoL Gage.

15. Catalogue of the “ Plants ofKumaun ”, by Sir Richard Strachey and Duthie.

16. Report of the Proceedings of the Second Entomological Meeting (1917).

17. Report of the Proceedings of the Fifth Entomological Meeting (1924).

18* Review of Agricultural Operations in India, 1919-20 to 1921-22 and 1923-24

to 1928-29.

19. Report on the progress of Agriculture in India, 1907-09, 1909-10, 1911-12

to 1918-19.

20. Memoirs of the Imperial Department of Agriculture in India.

(a) Botanical Series

(5) Bacteriological Series
|

(c) Chemical Series J-Most of the back numbers are available
{d) Entomological Series
(e) Veterinary Series J

21. Agricultural Journal of India -n

22. Journal of the Central Bureau
f

for Animal Husbandry and i

Dairying in India, j
23. Notes on the collection and preservation of entomological specimens : Study

of life history of insects, by Stebbing (1901).
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I. Introductory

The mosaic disease of sugarcane was first discovered in Java in 1890. Now
it is known in almost all the sugarcane-growing countries of the world. The
damage caused by this disease, which is in the form of reduction in the yield of

cane and juice and deterioration in the quality of cane products lias been estimated

from six to fifty per cent in different countries.

In India, the disease was first noticed at Pusa (Bihar) in 1921 Bastur

[1923] and was subsequently recorded by McRae 1926 and McRae and Siibrama-

niam [1928] in various other provinces of India. Since then, McRae [1931, 1932

( 649 ) A



650 INDIAN JODBNAL OF AGBIOULTURAL SCIENCE [V, VI

has done a consicleraHe amount of work on this disease under Bihar conditions.

McRae [1926] and McRae and Subramaniam [1928] also recorded that many of

the newly introduced thin Coimbatore varieties of sugarcane in the Punjab

were affected by mosaic. These sugarcanes have been extensively grown in the

Punjab for many years now. At tbe suggestion of Dr., McRae, Imperial Myco-

logist, Imperial Institute of Agricultural Research, Pusa, a study of the extent

of occurrence of the disease and its effect on the yield of cane and juice, etc., was

taken in hand in 1927 and carried on up to 1934. Co. 223, which huvs been largelj^

cultivated in the province, was selected for these observations.

11. Symptoms OF MOSAIC

The affected sugarcane plants show a general pallor of leaves. On a close

examination this pallor is found to he due to irregular, light-coloured streaks or

patches. These patches vary greatly in shape, but are usually elongated and run

parallel to the axis of the leaf. On different varieties of sugarcane the leaf

patterns caused by mosaic differ considerably. These patterns on some varieties

of sugarcane have been illustrated by McRae and Subramaniam
[ 1928 ].

The symptoms of the disease can be clearly detected on the first expanded

leaves of young shoots, especially if these are growing vigorously. In the Punjab,

it has been found that usually the first four or five leaves show the symptoms

clearly. In older leaves the characteristic mosaic markings become faint, pro-

bably due to regeneration of the normal green tint of the leaf. All the canes

in an affected stool may or may not show the symptoms of mosaic.

The symptoms remain prominent from June to October and can be easily

observed, but afterwards, as tbe cane matures and winter frost sets in, the symp-

toms become rather obscure. The secondary symptoms of mosaic, i.e., dwarfing

and cracking of the stem of affected plants, which are common in other sugarcane

-

growing countries, have not been observed in the Punjab. Prom other parts of

India also, these symptoms have not been reported except very rarely.

III. Inotbenoe and amount of mosaic

The incidence and amount of mosaic has been studied on a number of sugar-

cane varieties in different localities of the Punjab from 1927 to 1933. The
observations were recorded every year during October. The results are given in

Table I. The figures given are those of the lowest and the highest percentage

of infection, the latter being reached in 1933.

Prom a study of the figures in Table I, it is clear that the amount of infection

on a given variety varies from place to place and that certain varieties are more
infected than others. Thus Uba, Treru and Oo. 223 were almost totally infected

;

S. 48, Co. 205, Co. 309, Co. 270, Co. 262, Co. 349 and Co, 210 bad more than 20

per cent infection
; Co. 213, Co. 250, Co, 287, Co. 300, Co, 313, Co. 318, Co. 346

and Katha had more than five per cent and less than twenty per cent infection

and other varieties under observation showed less than five per cent or no
infection at alb
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Table I

Incidence of mosaic disease of sugarcane in the Pmijcib, 1927-33 {Percentage of mosaic

affected stools)

Sei’iar

No.
Variety

Lyail-
1

pur
;

Mont-
gomery Multan

Rawal-
pindi

'Gurdas*
pur

Juilun-
diii‘

Hami

1 Co. 205 I 0—

9

0 0—2 8 44 0—

T

0

2 Co. 210 0—

T

.

,

7—25 6—11 39—51
3 Co. 213 2 .

.

2—3 T 7—10 6—7
4 Co. 223 18—65 18— .100 25—33 7—40 9—51 20—100 0

5 Co. 250 . .
^ 7—11 .

.

6 Co. 251 • - «
4—

5

7 Co. 262 • • 3—5 1—21 .

.

8 Co. 270 .

.

7—23 .

.

9 Co. 285 0—2 T T—

4

3

10 Co. 287 12 11

11 Co. 2S8 «

•

,

.

3 .

.

12 Co. 290 T ,

.

0 1—2 0 0

13 Co. 300 0 9

14 Co. 301 . . 5

15 Co. 309 0—24 .

.

16 Co. 312 2

17 Co. 313 . . 9

18 Co. 318 7 .

.

1
19 Co. 343 . . 2

20 :
Co. 346 10

21 ! Co. 349 . . 21

22
1

Co. 350 2

23
!
S. 48 . 55 •

24. P. 0. J.-2878 2

25 : Uba . .

.

100

26 :
Buretha 0 .

.

i

27 ! Trem 0,.
*

.

100 . .

28 Katba • 0 0 0 • • 0—13 0—4

^ Means either not grown or observations not recorded.

T=Traces.

In addition, observations were also made on many other varieties and the

results showed that Co. 203, Co. 242, Co. 244, Co. 253, Co. 260, Co. 272, Co. 275,

Co. 276, Co. 294, Poiida and Bhaulu showed only traces of mosaic, and Co. 214,

Co. 227, Co, 231, Co. 232, Co. 233, Co. 238, Co. 243, Co. 247, Co. 252, Co. 255,

Co. 257, Co. 258, Co. 261, Co. 263, Co. 265, Co. 267, Co. 268, Co. 277, Co. 281,

Co. 282, Co. 283, Co. 284, Co. 286, Co. 296, Co. 314, Co. 347, B 1217, B 6308, B 6388,

A 2, A 42, Lalri, Kahu and Kansar did not show any mosaic.

IV. The peogbess of mosaio bueing the growing pertob of
SUGARCANE '

.

J[. Experiments at Setts from health}^ and mosaic-afPected canes

were planted in alternate plots and there were four replications of the experiment.

The trials were conducted for three years and observations were recorded from

June to October every year. The results are embodied in Table II.

A 2
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It is clear from the figures of the table that the disease goes on increasing from

June to October.

B, Experiments at Ourdaspur .—^At Gurdaspur, nine varieties of sugarcane

were grown on a uniform piece of land. The percentage of mosaic in the seed-

canes was recorded and the experiment was carried on for three years. Observa-

tions were^ as usuab recorded from June to October. The results which are given

in Table III again show, as in the ease of Lyallpur experiments, that the disease

goes on increasing till October.



Table

in
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It was also noticed in botli the above experiments that the canes showed

first symptoms of mosaic about oiie-and-a-lialfmonths after planting.

V. Eefect op mosaic on the yield of oanb, juice and gvm (eaw

sugae)

Experiments to find out the effect of mosaic on the yield of cane, juice and

gw were carried out both at Lyallpiir and Giirdaspiir for three consecutive years

from 1930 to 1933. The plan of experiments at both the places was similar and the

variety under ohservation was Co. 223. Setts from healthy and mosaic-affected

canes were planted in alternate plots and' in between every two plots a strip ' of .

land 6 feet wide was sown with pigeon-pea {arhm^ {Cajanus indicus) with a view

to preventing as far as possible infection by contact and insects from mosaic-

affected crop to the healthy one. In 1932-33, Co. 285 cane which has been found

to be very resistant to mosaic, and which is taller than pigeon-pea, was grown aS'

a barrier. The
.

yield of stripped cane from every plot was recorded at the time

of harvest. The canes from each plot were crushed separately, and the juice

obtained was weighed. The wuiglit of gur (raw sugar) made from juice was also

determined for each plot separatel3^ The results along with the statistical analysis

of the figures, by Student's method of paired differences, are given in Table I¥
and Table V. The data show that the differences in the yield of cane, juice and
gur between crops grown from, healthy and mosaic -affected canes are small and
not significant for all the three years' trials made at Giirdaspur and at

Lyallpur.
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These results lead to the coaclusiou that in the Punjab mosaic-affectod cane

crop, having as much as 100 per cent Mection, does not bring about any appre-

ciable decline in the yield of cans and other products. Likewise healthy canes

with 30 per cent infection gave no significant increase over mosaic canes cent

per cent infected.

VI. Effect of mosaic oft the quality of juice

An analysis of the samples of juice obtained from healthy and mosaio-afleoted

canes was also made. The samples of cane were taken at random

The results, along with the statistical analysis of the figures as calculated accord

ing to Student’s method of paired differences, are given in Tables A I and Vi .

The data show that the differences, of the percentage of sucrose, glucose and

purity coefficient, etc., between the juice obtained from healthy and mosaio-

affected canes are not significant. Thus it is safe to say that in the Punjab,

mosaic does not cause any significant deterioration in the quality of juice

of Co. 223.

VII. Roguing as a method of conteol

Observations and experimental evidence referred to in the paper have shown

that roc'uing is not quite an effective measure to control mosaic in the susceptible

varieties. This measure, however, seems to keep within limit the disease in those

varieties which are somewhat resistant. In the case of Co. 223, although roguing

had been very carefully done in the experimental plots at the Gurdaspur harm,

yet the percentage of mosaic had remained at about fifty. In Co. 2J0 and

bo. 285 ,
the disease has not gone above two per cent.

91
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Showing the ejfecf of mosiac on

Table
Showing the effect of mosiac on the quality

Kind of cane

Healthy

Mosaic

Healthy

Mosaic

H^lthy

Mosaic

H althy

Mosaic

Kind of cane

Bate

of

analysis

\

[Percentage

of

juice

Difference

betwee'ii

the

j

/TT

1

(Healthy

and

mosaic)

|

Observed

value

of

t

i

Theoretical

value

of

t

Percentage

of

sucrose

Difference

between

the

|

tvro

means

I

C

1
O)

t
1

Theoretical

value

of

t

j

Per

cent

glucose

Difference

between

the

1

two

means

i

‘o

0

>

>

1

o
Healthy . , 16th Jan.

1930.
62-2 10*08 0*167

Mosaic « Do. 61*- 9*49 0*221

Healthy Do. 61*5 9*93 0*206

Mosaic . Do. 64*2 10*21 0*283

Healthy Do. 63*7 9*70 0*233

Mosaic Do. 65*0
»o

9*84 0*353
1^5

fo

Healthy • 13th Feb.
1930.

65*7
1

10*88 Si

+
Oi

cs 0*143

cs

<a>

1

Mosaic Do. 65*93 10*61 0*153

Healthy Do. 66*76 10*68 0*180

Mosaic . . Do. 65*66 9*08 0*133

Healthy • , Do. 64*58 10*26 0*183

Mosaic . ,

!

Do. 64*64 10*22
1

0*190
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VIII. Summary

1. Ill the Punjab only primary symptoms of mosaic, ie. mottling of leaves,

occur on sugarcane. The secondary symptoms, he. dwarfing of canes, etc. have

not been observed so far.

2. The incidence and amount of mosaic on different varieties of sugarcane

grown in the Punjab have been recorded.

3. It has been found that the. canes show the first symptoms of mosaic about

one and a half months after planting, and then the amount of infection goes

on iiiereasing till October.

4. The results of field experiments carried out for three years on the sugarcane

variety Co. 223 have shown that there is no significant decrease in the yield of

cane, juice or giir (raw sugar) on account of mosaic. The quality of juice in Co. 223

also does not deteriorate on account of mosaic.

5. Rogiiing can keep the disease within limits in those varieties only which are

not very susceptible to mosaic.

The authors wish to record their indebtedness to Dr. P. E. Lander, Agricul-

tural Chemist, Agricultural College, Lyallpiir, for analysis of various samples of

sugarcane juice for us, and to Mr. D. P. Johnston and S. S. Kharak Singh for

providing facilities for growing sugarcane at Lyallpur and Gurdaspur, respect-

ively.'
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The resistance of a virus to physical and chemical agents varies greatly

•

At one end is the highly resistant tobacco mosaic virus and at the other are the

viruses of tomato spotted wilt and cucumber mosaic. The present investigation

was undertaken to ascertain the position of sugarcane mosaic virus. Such studies

involved in every instance infection experiments with the Bugaroame plants since

by the results of these experiments alone can the effect ofany treatment be known.

The artificial transmission of sugarcane mosaic virus has been attended

with great difficulties [Matz, 1919 ;
Bin^^th, 1920 and Lyon, 1921]. Braudes

[1919] was successful to a certain extent and Bruner [1922], from his experiments,

came to the conclusion, that some unknown factor influenced transmission,

Fawcett [1928] could easily transmit the disease to young plants but failed with

a little older ones. McRae [1926] and McRae and Subramaiiiam [1928] obtained

cent per cent inoculation, while Sein [1930] improved on the methods previously

employed. The latter admitted that the extraction of the virulent juices was a

troublesome procedure and since the virus seemed to be readily destroyed or

rendered non-infoctious, the result would depend on the rapidity and care with

which the work was done.

As the results of transmission experiments carried out by different workers

have varied from 0 to 100 per cent, it is necessary to give the details of the tech-

nique employed in the present work.

It was observed that temperature, humidity and sunshine play an important

role in the manifestation of the disease. It was noted during the course of another

experiment that dry weather with high temperature and sunshine is favourable

for the transmission of the disease provided that the plants are not older than

eight to ton weeks. The value of an experiment lias been frequently vitiated by
an increase in humidity and fail in temperature. Where expeiiments have been

interfered with by a sudden change in weather conditions, such experiments have

been repeated. The period of successful artificial transmission of the disease

lies roughly between 1st April and 1st June.

( ^63 )
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Because of these yariations the procedure was standardised within practical

limits. The material for studies was taken from the Co. 213 variety of sugarcane

showing profuse mottling on the leaves. The plants selected were two to four

months old. The first four leaves from the top were cut off at their bases and

about four inches of each from the tip was cut off and discarded. These portions

show no mottling and^ being dry, only add to the bulk of the fibre. The leaves

were then cut into small pieces -with scissors and pounded in a porcelain mortar,

distilled water being added gradually with renewed grinding in the quantity of

one e.e. per gram of tissue. The juice was extracted tinough a cheese cloth,

pressing with hand, and collected in a clean beaker. The juice extracted was

approximately ninety per cent of the water added. All the utensils were carefully

washed.

About twenty black Entomological pins No. 10 were mounted (as shown in

Fig. 1) in a cork which served as a handle. With a sterile piece of cotton three to

four drops of the mosaic juice (after it had received the appropriate treatment)

were rubbed on the first o]3en leaf and the spindle, the rest dropped into the

hollow produced by the spindle and the open leaf. Inoculation was made by

pricking with the sterile pins through juice dropped on the leaf. They were

pricked ten to twelve times so that each plant received about 200 pricks.

The test plants were also of Co. 213 variety. They were six to eight weeks old

growing in large-sized pots.

Fig !• Showing arrangement for pricking leaves.
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As purifioation of the virus cannot be accomplished with sufficient rapidity

to enable the inoculation to be completed before the virus has lost its potency from

aging, experiments were carried out with the crude virus.

Dilutiont

One c.c. of the juice was added to 9 c.c. of distilled water and well shaken,

obtaining one-in-ten dilution. From this further dilutions were similarly made.

These were inoculated to plants within thirty minutes.

Dilutions

Colour
of

inoculum

Date
of

inoculation

1^0 . of
plants

inoculated
Results

1 111 10 . Green 22nd May
1934.

10 Four plants mosaic

1 in 100 Greenish . Do. . 10 All healthy

1 in 1,000 Dirty Do. . 10 Do.

1 in 10,000 ColouiiesB Do. 10 Do,

1 in 100,000 Do. , Do. . 10 Do.

1 in. 1,000,000 Do. . Do. 10 Do.

Control (undiluted) Deep green Do. 10 Do.

Dilution of the virus extract resulted in diminution oi the percentage of

infection secured and by a dilution of one in hundred the virus entirely lost its

potency. Crinkle mosaic of potato also tolerates one in ten dilution, while virus of

tobacco mosaic is infectious at a dilution of one in 10,000.

Longevity FJMo

The determination of this property is fundamental for experiments on virus

properties since it is important to work with the virus in extract in as virulent a

form as possible.

Mosaic leaf juice was kept in an incubator at 20°C. from which inoculations

were made into ten test plants at intervals shown below. The inoculations were

made on 18th May 1934. The number of mosaic-infected plants in each series

is given in the following table :

—

10 min.

1

i

30 min. 1 hr. 2hrs.

1 .

3 hrs.
i

i

1

6 hrs.

1

12 hrs. 24 hrs.

5
!

4 . 4

1

« 1

i

'

- 0 1 0 0 0

o
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The virus, therefore, loses its potency in two hours while that of spotted wilt

of tomato does so in six hours against tobacco-mosaic virus known to remain

viable for years.

Fimratiok

The juice was repeatedly poured over a filter funnel till the filtrate was a

clear brown liquid. The filtrate was further filtered through Lg Chamberland

filter candle. The residue on the filter paper was thoroughly washed with dis-

tilled water, filtered and the residue mixed with distilled water which was then

used for inoculation experiments.

1

Bate
of

inoculation

Plants
inoculated with

Inoculated
within

No. of
plants

inoculated
Besults

24th May
1034.

Besidne left on the
filter paper

50 min. 10 Five plants mosaic

Do. . i Filter paper filtrate. 40 „ . 10 All healthy

Do. Lj filter candle
ffifcrate.

H hrs. ,
j

10 Do.

Control . . . 55 min.
;

'10/
1

1

Five plants mosaic

It was found that no infection was obtained with filter paper filtrate and
consequently it could not be expected from the Chamberland filtrate. It is pos-

sible that for the successful inoculation two factors are necessary, the virus itself

and an accessory, ofwhich neither alone is sufficient to produce the disease and that
only one is stopped by filtration.

Reac^ok to chemicals

In these experiments all concentrations stated as one part of the reagent in
100 or 200, etc., of the solution refer to one gram or one c.c, of actual pure reagent
in the indicated volume of the solution. A double-strength concentration of
these reagents was first made with distilled water. Ten c.c. of the juice was then
abided to ten c.c. of this solution, bringing down the concentration to the desired
strength . This method was uniformly used,

chemicals used were Merek^^ pure reagents^
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Witli stronger concenttation of acids and mercuric chloride the leaf tissues

were sometimes killed.

Concentrations
Period

of
contact

Inoculations
made on

No. of
plants

inoculated

Results

Hydrochloric acid {40 per cent)

1 part in 750 .
]

25 minutes 5th May 10 All healthy
1934.

1 „ 1000 Do. Do. 10 Do.

1 » 1250 Do. . Do. 10 Three plants mosaic

1 1500 Do. Do. . 10 Ten plants mosaic

1 » 2000 Do. . Do. 10 Six plants mosaic

Control • « .
Series A Do. 10 Six plants mosaic

Nitric acid per cent HNO^)

1 part in 300 25 minutes 5th May
1934.

iO All healthy

1 » 450 Do. Do. 10 Do.

1 „ 600 Do. Do. 10 Do.

1 » 800 Do. . Do. 10 Do.

1 1000 .
i

Do. . Do. . 10 Five plants mosaic

Control Series A . Do, 10 Six plants mosaic

Mercuvic chloride

1 part in 800 25 minutes 5th May
1934.

10 All healthy

1 99 1000 Do. Do. 10 Do.

1 „ 1200 Do. Bo. . 10 One plant mosaic

1 » 1400 Do. Do. . 10 Two plants mosaic

I » MOO . Do- Bo. 10 Four plants mosaic

1 » 2000 Do. . Do. 10 Two plants mosaic

Control
i

Series A . Do. . 10 Six plants mosaic

o2
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Period Inoculations No. of •

Concentrations of made on plants Besiilts

contact 1 inoculated

— —

^

Sodium chloride

1 part in 25 . • 25 minutes 5th May
,

1934.

10 All healthy

1 » 50 . Do. . Do. . 10 Two plants mosaic

1 ,, 75 . Do. . Do. 10 Eight plants mosaic

1 » 100 . • Do. . Do. 10 Six plants mosaic

Control * Series A . Do. . 10 Six plants mosaic

Copper sulphate {OuSO^. 5 H^O)

1 part in 500 25 minutes 5th May
1934.

10 All healthy

1 » 1000 Do. Do. . 10 Do.

1 „ 1500 Do. . Do. 10 Do.'

1 » 2000 Do. . Do. . 10
i

Ten plants mosaic

Control Series A . Do. . 10 ' Six plants mosaic

Hydroyen peroxide (12 volumes)

1 part in 25 . 20 minutes 2lRt May
1934.

! 10 All healthy

1 „ 60 . Do. . Do. . 10 Four plants mosaic

Control Series B , Do. , 10 Five plants mosaic

Fonnalin (40 per cent formcddehyde)

1 part in 25 . 20 minut-es 21st May
1934.

10 All healthy

1 „ 50 . Do. . Do. . 10 Do.

Control Series B . Do. 10 Five plants mosaic



MUSICAL I»B0P^3R1?IES OF SUGARCANE MOSAIC 'VIEUS 669

Period Inoculations No. of

ResultsConcentrations of made on plants

contact inoculated

Zinc powder

I ’part in 20 .
'

•
i

!
20 minutes 21st Mav

1934.

1
10 I

Six plants mosaic

1 „ 50 , , Do. Do. . 10 Seven plants mosaic

Control , ,
• Series B . Do. 10 Five plants mosaic

Manganese dioxide

1 part in 20 . 20 minutes 21st May
i

1934. *

1

1

.10 Ten plants mosaic

1 „ 50 . 1
Do. . Do. . 10 Eight plants mosaic

j

Control .
.

j

Series B . Do. . 10 Five plants mosaic

Copper sulphate, 1 in 1,500 ;
liydrochloric acid, 1 in 1,000 ;

mercuric chloride,

1 in 1,000 ; nitric acid, 1 in 800 ; sodium chloride, 1 in 25 ; hydrogen peroxide, 1

in 25 and formalin, 1 in 50 ;
inactivated the virus. Zinc powder and manganese

dioxide, 1 in 20 did not retard the activity, and the latter may even have enhanced

it. These figures compared with those given by Allard [1918] for tobacco-mosaic

virus are in a very low concentration indeed and place this virus among the least

resistant ones. It was interesting to note that an oxidising agent (hydrogen

peroxide, Merck’s) had no effect on the virus in 1 to 50 parts, while Johnson [1926]

found even a resistant type like tobacco-mosaic virus to be sensitive to the inacti-

vating influence of oxygen.

It was observed from the above results that a larger number of infections

was obtained with chemicals in strengths a little more dilute than those to which

the virus was just resistant*. This suggests that the virulence may be increased

by dilute concentrations of such reagents.

Summary

The technique of transmission experiments with sugarcane-mosaic virus for

the study of its physical properties has been standardized.

Like crinkle-mosaic of potato this virus tolerates 1 to 10 dilution. It loses

its potency in two hours, thus resembling spotted wilt of tomato which is inacti-

vated in five hours;

' (HOl,;l CuSOa,! in 2,000 j NaCbTin 76 etc.)"™
^

~
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Filter paper filtrate is non-infeotive While the green residue left on the filter

paper is infective.

This is one of the most sensitive viruses and shows the least resistance to

chemical agents.
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Appendix .......
I. Introduction

The conclusions drawn from previous work on margin effects have recently

bean summarised in a paper by Christidis [1935], and will not be repeated here.

He concludes that experiments should be laid out so that margins can be discard-

ed, as they may introduce bias into the results if included. One point only not

mentioned in his summary appears to require comment, and that is the attempt

by some workers [Immer, 1932 ; Justesen, 1932 ; and Kalamkar, 1932] to study

margin effect in data from uniformity trials. The main components of margin

effect which are of interest to the agricultural worker are :

—

(1) Influence of inclusion of margins on mean values,

() General increase due to average reduction in competition at margins,

or general decrease due to trampling or other outside interference.

() Differential effects due to effects of competition between types

differing in vigour.
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(2) Influence of inclusion of margins on plot variance.

() Increase in variance due to differential effects of competition between

neighbouring plots differing in vigour.

() Decrease in variance due to greater proximity of the plots to be

compared.

(3) Reduction in variance due to increase in plot size when margins are

included.

A study of margin effect in uniformity trials can provide information eon-

ceming items 2 (b) and (3) only, whereas the chief practical importance of the

problem lies in determining the magnitude ofthe effects of competition enumerated

under items 1 (a), 1 (b), and 2 (a). It is intended in the present paper to study

the relative importance of the different effects of competition.

II. Material

Data are available from four cotton trials carried out in 1933, and one cotton

trial and one wheat trial carried out in 1934-35. Of the cotton trials, two were

carried out on light soil under irrigation (Ganganagar), one on black soil

under irrigation, and two on black soil without irrigation. The wheat trial was

also carried out on black soil without irrigation.

Of the 1933 cotton trials, 1 B/33G and 4 B/33G were variety trials conducted

at Ganganagar in the Canal Colony in the north of Bikaner State. 1/33 D was a

pre-rain sowing vs. normal sowing test of American and desi cotton in Dhar State •

in Malwa (a black soil tract) and 2/33 D was a comparison of Institute selections

from Malvi cotton with the local at the same centre. The 1934 cotton trial,

V31/34 1, was a trial of seven desi varieties carried out at Indore. Details of all are

given in the Appendix.

It should be noted here that the area of the experimental plot was approxi-

mately 1/100 acre in experiments 4 B/33 G, 2/33 D, and V31/34 I, while in the

other two it was much smaller. Another important difference lay in the degree

of similarity of growth habits and vigour of varieties or treatments in the same
experiment. In the pre-sowing trial at Dhar (Experiment 1/33D) there was a

difference of three weeks between the two sowings, so that the earlier-sown plots

had extra free space during the period on either side. Between the two varieties

used in the experiment Malvi 9 (desi) was always taller and probably vegetatively

more vigorous than the corresponding American (Indore 25) variety. In Experi-

ment 1 B/33G, out of the seven varieties three were desi, three Punjab-Americans
and one Egyptian. Desis grew tallest, next came the Punjab-Americans while
the Egyptian remained stunted. Differences in vigour were probably similar.

In experiment 4B/33G, all varieties were desi, behaving more alike than in the
previous experiment. MoUisoni was most vigorous while Malvi was least. In
experiment 2/33D, all except local were selections from the same stock of Malvi
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while the local variety also was a Malvi, with admixture of American cotton.

Differences ill growth habit and vigour were therefore expected to be least in this

case. The seven varieties included in V81/34 I were all d^si types, rather similar

in vigour.

In both experiments at Gaiiganagar one row of the same variety on either

side and two feet at each end constituted the margin round each experimental

plot. In experiment 2/33 B the margin consisted of two rows on either side and
three feet at each end of each plot. In experiment 1/331) four rows on either

side for Malvi plots, two rows on either side for American plots and three feet at

each end of all plots formed the margin. The area removed as margins was the

same for all plots in this experiment also, but the spacing between rows was 28 in.

in the American plots as against 14 in. in Malvi plots. Spacing between rows was

uniform for all varieties in the other three experiments—2 ft. at Ganganagar and

14 in. at Dhar. All cultural operations were identical for the border rows and the

experimental plot in each experiment. The distinction between margins and the

experimental plot within, was made only for quantitative observations and for

harvesting.

The 1933 trials were not laid out with the intention of studying margin

effect. The margins of edge plots were not always protected from the stimulus

of free space and are therefore not comparable with the margins of inside plots.

In analysing data for plots and margins in experiments 4B/33G and 2/33D actual

yields of plots having unprotected margins have been ignored owing to their ab-

normality and probable yields calculated by the missing plot technique [Yates,

1933]. In experiment 1/33 G, the margins of outside plots were protected by
other crops of cotton. Experiment 1/33B was laid out as a Latin square, and

twelve out of sixteen plots had unprotected margins but they were equally dis-

tributed between treatments and varieties, and most of the effect on variance is

eliminated in the removal of sums of squares due to rows and columns. Mean
increases due to inclusion of margins will, however, be somewhat exaggerated.

The 1933 results demonstrated clearly the existence of important margin

effects, and therefore trial V31/34 I was harvested with a view to studying the

magnitude and depth of penetration of these effects in more detail. The trial

was laid out with 1/100 acre plots with two rows (14 in. apart) on each side and

4 ft. at each end of each plot as margins. Two rows of bulk cotton were sown

at each side of each block to protect the margin rows of the first and last plots.

Three rows on either side of each plot were harvested row by row. End margins

were harvested in three strips, (1) the outer 16 in., (2) the second 16 in., and

(3) the third 16 in. Corners ware omitted (Eig. 1).

Finally, in order to test the applicability of the conclusions reached to another

crop, yield data were collected for margin rows on a wheat variety trial in the

mW season of 1934-35. In this experiment eight varieties were tested in 1/100

acre plots in six randomised blocks. Margins consisted of one row on each side

D
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tod three feet at each end of each plot. Two rows of bulk were sown at each end

of each block to protect the margin rows of the first and last plots. Two rows

on either side of each plot were harvested and threshed separately. The effect

of end margins was not considered in this experiment.

III. Results

Yields of seed cotton in each experiment were analysed in three ways
; (1)

Yields of experimental plots only, margins being discarded. (2) Yields of ex-

perimental plots and their surrounding margins taken together—in effect an ex-

periment with larger plots but without margins. (3) Percentage increases in

yield per unit area when yields of margin areas are added to those of the experi-

mental plots. Percentage increases were calculated for each plot for the purpose

of this analysis. It should be noted that the 'mean percentage increases’ tabu-

lated in Tables I to V for cotton and in Table XI for wheat are not proportional

to the differences between acre-yields with, and without margins, since the weight-

age in the two cases is different.

Mean yields of seed cotton, analysis of variance, mean increases per cent,

and significance of differences for each experiment are given in Tables I to V.

Under '‘significance of differences ” varieties not differing significantly in yield

are included within a bracket.

' Table I ' .

Experiment 1 BI33Q

Yield of seed cotton {lbs, per acre)

Own.
520

1

Molli-
1

son!

1

P289e|

^

P285Ea 0/10/26'i P289Pi New
Ash.

Mean
Stand-
ard

error

Signi-
ficant
differ-

ence

Without margiBS.
'

1

1800
t

1794
1

1487
1

1087
1

825 262 0
1

1037 75*7 225

With Biargins
1

2187
i

2299
1

1663
1

1244
1

1182 357 0
1

1276 65*9
[

. 195

Percentage increase
due to inclusion
of margins.

21-2 29-6

I

11*4

1

15-2

1

46*1 97*9* 0 31*6 34*4

Analysis of variance of plot yields [in chitaks)

Due to

j

Degrees of
freedom

j

Without margins With margins Percentage increase

Mean
square

P
1

Mean
- square

[' ; .
'

. -

p Mean
square

P

Rlochs . . . . , 3 37*0
. 105*0 7603*4

Varieties .... 6 3286*0 <0*01 12499*0 <0*01 4180*3 Large

Ettot ..... 18 36*7
f

72-4 4733*7

cent 7-3
i
1 j

108*9
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Significance of differencea

Without margins.

—

Gwn. 520, Mollisoni, P 289F, P285F2, 0/10/26-1, P289Pi, New Ash,
\ 1Y

With margins.

—

Moffisoni, Own. 520, P289F, P285P2, 0/10/26-1, P289Fi, New Ash.
..... ; -J

^ ^
"^This very large increase was almost entirely due to the failure of one plot, and

the survival of its margins.

Table II

Experiment 4 BI330

Yield of seed cotton (lbs. per acre)

N. T. 10 Mollisoni Ben Eoseum Malvi Mean

'

Standard
error

Significant
difference

Without margins . 1778 1728 1588 1478 1242 1660 49

"

144

With margins. 1869 1909

i

1639 1655
;

i

1223 1636
...

j

1

ISl

Percentage increase
due to inclusion of
margins.

4*6 10-8
1

3-4
,

5-9 2-4
1

Analysis of variance of plot yields (in ohitalp)

Due to

Without margins With margins Percentage increase

Degrees of
freedom

j

Mean
square

P Degrees of
jfreedom

Mean
square i

i

^ Degrees of
freedom

1

Mean
square

P

Blochs .

!

5
1

92 5 131 6 24-84

Varieties 4
1

1735 <0*01 4 6068 4 48-98 Large

Error 20

•i

92

i

18
(20-2)

158

i

18
(20-2)

34-04

Standard error
percent.

|

3-15 2*66
.

j

' 40-7

Significant dfff^mtces

Without margins .—N. T. 10, MoUiftoni, Pm, Roseum, Malvi.

With margins,— Mollisoni, N. T. 10, PmV Rosoum, Malvi,
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Significant differences

9 aijeriot toM. 25 ;
Pre-mn sotmg greatly Bupetiot

WitKout margms.”ivia.m y
^ ,

-

« L°^.-Wvl 9 g»atly »perio, to W. 26 1
Pre-rlrr so^ g»»tlv

“’“$rr»^rilrr^There is . gimter l«>rconta8e mcre.se fa pre-tafa sorring

than in normal sowing.

Table IV

Experiment 2I33D

TieU of seed coUon (Ihs. per acre)

Docal i Mean I error :

difference

352 1

424
I

28

With margins.

due to inclusion of

margins.

Malvl 9

i 1

Malvi 1 Malvi 3 Malvi 5 Xocal

1

454
1

452 446 385 352
1

i..

1

466

1

437 433 393 353
j

1

3*12

i

1

2*37 1-82 1*97 1*93

Analysis of variance of plot yields ehitaks.)

ef square

I

freedom

Blocks

Varieties •

Error

Standard error

per cent.

12i

76 >0*06

25 1

SO’ i

6^

With margins 1

Degrees
of

freedom

Mean
square

P

'

5
,

j

463

5
1

263 <0*05

21
(25-4)

]

' 80

‘ 5*9

Percentage increase

of
I

square
freedom

5 I

31*59

6
'

'4*22 >0*05

21 1
25*31

Significant differences

Withoot 8, Myi 9, Malvi 1, Malvi 3, Malri 5, Local.

Wltli margim—Malvi 8, Miilvi 9, Ma.M 1, Mdti^
MbItI 5 Local .

i
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Table V

[Y, 71

Experiment VSlfSil

Yield of seed cotton {lbs, per acre)

G16 G61 Malvi
9

Malvi
1

Cvra. 1 Local

520
j

Koseum Mean Standard
error

Significant
difference

Without margins

i

520 505 478 477 441
1

387

!

384 456 23*9 69

With margins.

i

Sides . 524
.

616 481 493 453 ' 384
;

1
,

1

394 464 21*1

i

61

Ends . 513 497 477 470

1

435 1 383
{

373 450 22*3 64

percentage in-
crease duo to-
inclusion of
margins.

f

Sides . 0*3 2*0 0*3
i

8*1
I

'

2*4 --1*1
1

i

1*7 1*2 1*5 ...

Ends ;--l*9

j

-1-6
j

+0*1 “-1*9 '-1-2 —1*3 —3*1 —1*6 1*3

Analysis of variance of plot yields {in 10 grams)

Due to Degrees of
freedom

Without
margins

With side
margins

With end
margins

Percentage
increase side
margins

Percentage
increase end
margins

Mean
square

P Mean
square

P Mean
square

P Mean
square

P Mean
square

P

Blocks , . 5 1368 4142 1237 23*6 35*8

Varieties , 6 8610 <0*01 8101 <0*01 6769 A o o 12*8 large 5*6 large

Error . . 30 702 967 959 12*8 9*7

Standard error per
Cent,

,
,1

6*2 4*5
1

4*

i

9 118* 4 81*3

Significance of differences

Without margins.—G16, G51, Malvi 9, Malvi 1, Own. 620, Local, Roseum.
—

,

J .

With side margins.—G16, G61, Malvi 1, Malvi 9, Own. 520, Roseum, Local
'

: _ ... .

' J .

With end margins.—GIG, 651, Malvi 9, Malvi 1, Own. 520, Local, Roseum.
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snis"; "934]. ^ ^^,7“
™ed. overy y«i.ty or tr,— » ^“X eSS.at.1
giatetmg an ^Lion ot ,id. margins caused a small

plots. In ‘trL. Td. inclusion of end mm:gins,

“r. »rdt:»Jd,crease in yield in aU wieto »je on. ““
7
“

“"TTar^“4^'™ ;,rSi;'inc«»ees

from the inclusion ot margins of unprotected outside plots, and o£m»r„msoi

plots of the same varieties.

Table VI

Percentage increase in yieU per umt area when margins are included

Experiment

4B/33G

2/33D

Variety ^CTnproteoted
plots

Protected
plots

Malvi . . .

1

18*1 4*7

Malvi 1 .

37-8 1*9

Malvi 3 . • • * •
22*9 1*4

Malvi 8 . * •

27*6 1*2

Local . V • •
31*5 1*6

An incre^e in yield per unit are. ot from 18 • 1 to 37 7' P“

rccrinrr::u"criSSn&

7r=:=

margin rows gave hlghm yields than

rows rf ttT™ pbts. shows that compdil.ion must be ta between planW

dW yadetiesLn between plants of the same yariety. A
“f

torn «plriu!ent. including widely ditont types ot treatment, with that from
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experiments including types of similar habit is given in Table VII and shows that

where differences were greater, competition was less and increases in marginal

yields greater.

Table VII .

Percentage increase in yield per acre due to inclusion of margins

Experiment
1

Type of comparison

f

Mean increase Range of increase

1B/33G
I

'

' Desi vs, American varieties . 20*6 0 to -f 46

1/33D Desi V8, American, and pre-

sowing vs, rain-sowing.

36-6 + 7 • 2 to + 61*9

1

Desi varieties . . 5*9 -f 3*4 to 4 10'

8

2/33D Maivi {desi) selections 2*0 + 0*5 to 4 3*1

1/341

C side margins .

Desi varieties <

1*2 — 1*1 to 4 3*1

,,

C end margins . •—1*6 — 3*1 to 4 0*1

*P289Fi gave an increase of 97*9 per cent, but this was almost entirely due to

the failure of a single plot, and has, therefore, been omitted from the calculation of

the moan in this Table.

In the two experiments in which both desi and American types were included,

the mean increase in acre-yield resulting from inclusion of margins was 20 and 35

per cent and varied for individual varieties from 0 to 60 per cent. Where only

desi varieties were included in an experiment, the mean increase due to inclusion

of margins was not more than six per cent, and varied in individual varieties

from —I to 4* II cent.

Examination of the increases in different varieties (Tables I-V) shows that in

general the more vigorous varieties gave the greater increases on inclusion of mar-
gins. Examples are 0/10/26* 1 (vegetatively very vigorous, though low-yielding)

and Mollisoni in 1 B/33G, Mollisoni in 4 B/336, and pre-rain sown plots in 1/33.D.

The standard error of increases was, however, very large in all cases, and none of the

differences in increase except that due to sowing date in 1/33D were significant.

The influence of inclusion of margins upon the standard error of an experi-

ment is the resultant of the effects of two opposing forces
; (1) the greater variabi-

lity of margins due to differential effects of different neighbours on the plots of each
variety, and (2) the reduction in variability associated with increased plot size

[Hutchinson and Pans©, 1935]. The resultant effect on the standard errors of the
experiments under discussion is shown in Table VIII, where plot sizes and their

standard errors per cent are given for .plots alone, and plots plus margias.
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Table VIII

plot sizes and standard errors per centfor plots ,
and plots plus margins

1

Margins excluded Margins included

. Experiment Plot
size

(acre)

standard
error

per cent

Plot
size

(acre)

Percentage
increase

in
plot

size

Standard
error per cent

1/33D
,

.

0*001 9*4 0*005 400*0 6*6

1B/33G 0*005 7-3 0*008 48* 1 5*2

4B/33G O-Oi 3*2 0*015 45*6 2*7

2/33D 0*01
1

6*6 0*018 83*0 5*9

V31/34I 0*01
1

5*2 0*013 33*3 4*5 (including

side margins)
i.'

0*012 25*8 4*9 (including

end margins)

The net effect in all cases is a considerable reduction in standard error per cent.

As would be expected, the reduction is greater in experiments 1/33D and 1B/33G,

as the advantage of increasing the size of the plot is greater when the plots are

small.

In the calculation of data for Table VIII, the missing plot technique was used

to adjust the yields of plots in experiments 4B/33G and 2/33D which had unpro-

tected margins. A comparison of standard errors per cent of plots margins

using actual and adjusted yields gave the following figures :

—

Experiment Standard error per cent of yield

Actual Adjusted

„ .4B/33a . V
'

.
' 3-4 '2-7

'

,

, V
,

2/33D . .
^

,

. . . :
8--4 5-9

These figures emphasise the conclusion drawn from the corresponding figures

for mean values that though it may sometimes be advantageous to provide no
margins, this can never be done unless adequate guard rows are provided to protect

outside plots.
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In. Tables I to V are given the order of yield of varieties and treatments, and

the significance of yield differences, for plots excluding margins and plots plus

margins separately. Only four changes in order occurred when margins were

included, and all changes were due to small differences between varieties not

differing’ significantly in yield. There were, however, a number of changes in signi-

ficanceWere the order remained the same. In experiment 1B/33G, P28.5P2 gave

a significantly higher yield than 0/10/26-1 when plots were considered without

margins. Owing to the high relative yield of margins of O/W/26- 1, when plots

plus margins were considered, it was not significantly inferior to P285P2. In

experiment 4B/33G, the difference between MoUisoni and desi fell just short of

si^ificance when plots alone were considered, but was double the value required

for significance when plots plus margins were considered. In experiment 1/33D

the significance of both varietal and sowing date differences was increased by the

inclusion of margins, but in this case the greater differentiation between sowing

dates is misleading, since margins of early-sown plots had a significantly greater

advantage than those of normal-sown plots. In experiment 2/33D, when margins

were excluded, the differences between varieties could not be regarded as significant.

The inclusion of margins, however, caused a slight increase in acre-yield and

a decrease in standard error, so that the differences in yield between the first three

varieties and the last are now distinctly significant. In experiment V31/34I the

inclusion of side margins gave a slightly better differentiation between varieties.

The inclusion of end margins did not alter the significance of differences.

On the whole, therefore, the inclusion of margins has increased the efficiency

of the experiments in practically all cases by reducing the standard error per cent.

This increase in efficiency has been gained at the expense of a slight loss in the

accuracy of the mean values, but only in the case of the pre-sowing experiment

(1/33D) has this loss of accuracy acted differentially between treatments and given

a misleading result.

In the cotton trial V31/34I side margins and end margins were studied in

detail. In Fig. 1 is given a diagram of a single plot to show the method of

harvesting.
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I^or the study of the effect of side margins, the produce of the outer rows, the

secondrows, and the third rows on either side of each plot was
,

harvested sepa-

rately, making three sets of data from progressively increasing distances from the

edge of the plot. Similarly for the study of end-of-row margins, three strips

16 in. wide were marked off at each end ofeach plot, and the produce of the outer,

second and third strips harvested separately to provide three. sets of data from

different distances from the ends of the plots. Means and standard errors per cent

are given in Tables IX and X.

TABLE' IX

Mean yields and variances ofplots and side margins in cotton trialV31[341

Table X

Mean yields and variances ofplots and end margins in cotton trial V31I34I

450

450

409

430

396

Plot with margins excluded

Plot with side margins included

3rd and 14tli rows .

2iid and 15th rows .

Outer rows . , . ,

Mean yield Standard error
(lbs. per acre) per cent

456 5-2

464 4-6

440 7*7

452 8*1

509 9*9

Plot with margins excluded

included

16 in. strips .

Outer 10 in. strips .
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Considering side margins, both sets of inner rows gave approximately the same

yield per unit area as the central plot, while the outer rows gave slightly more.

The standard error per cent was very similar in the two inner sets, and was consi-

derably and significantly greater in the outer rows. Considering end margins,

the yield per unit area was rather less in all margin strips than in the central plot

and did not differ much from strip to .strip. Standard error per cent was much
the same in all three margin strips. The whole of the margin effect, therefore,

appears to he located in the outermost side rows. There appears to have been

no margin effect in end of rows in spite of the fact that they were not protected by
guard-rows.

In Tables XI and XII are given data for the wheat trial 2V12/34I comparable

to that given for cotton trials in previous tables.
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Table XII

Mean yields and variances ofplots and side margins in wheat trial 2V12]341

Mean yield

(lbs. per acre)

Standard error
per cent

Plots with margins excluded . . 697
,

4-2'

Plots with margins included . . . . 700 3*9

2nd and 13th rows . . . . . • 693 4*8

Outer rows . . ... 756 5*9

The margin effects observed are in all respects similar to those observed in

cotton trials. Slight increases in mean yields were observed in all varieties when

margins were included. These increases were greatest in Bans! 224, which

was considerably earlier than any other variety in the experiment except Bansl

Pili 808, and had a considerable advantage in height over its neighbours from the

early stages until ripening, and in local which was tall and tillered vigorously.

These two gave a significantly greater increase on inclusion of margins than any

other variety except C. P. 115 and Bansi Pili 808. The Punjab varieties (8A, 9D
and Cross 591) were considerably slower in development in the early stages than

the other varieties, and this appears to be responsible for the very small increases

in their margin rows.

The standard error per cent is slightly reduced by the inclusion of margins,

but the advantage is less than in most ofthe cotton trials. This is partly accounted

for by the fact that the inclusion of margins only increased the plot size by 17 per

cent.

The inclusion of margins caused two changes in the order of yield, P. 8A and

Bansi 224, and Bansi Pili 808 and C, P. 115 changing places. These changes,

however, hardly affected the significance of differences. The reduction in standard

error when margins are included has somewhat improved the differentiation

between varieties.

In Table XII are given mean yields per acre and standard error per cent

for outer rows of each plot, and the second and thirteenth rows of each plot. As in

the cotton trial, only the outermost rows exhibited margin effect in increased mean
yield and increased standard error per cent, the difference in standard error per

cent approaching the customary P— 0 *05 point for significance.

IV. Disoxtssioh

It has been shown that the importance of margin effect depends primarily

upon the magnitude of the differences between the varieties or treatments included

in the experiment. Where differences are large, large disturbances in mean values
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may be expected if adequate margins are not provided^ and misleading conclusions

may be drawn,. Where differences are small, disturbances in mean -values are not

likely to be important, and tile efficiency of the experiment will probably be

improved by using the area otherwise discarded as margins to increase the plot

size. If experiments can be laid out -without margins, the management of out-

station experiments where skilled supervision is not available wil be greatly

simplified.

Where variety differences are large, and the provision of margins is essential,

one row on either side of each plot should be adequate. Where end margins were

tudied separately no evidence of margin, effect w.as obtained and margins actually

telded slightly less than central plots. This was probably due to irregularities

irseed rate at the ends of plots and to extra trampling at the time of sowing.

A safe precaution would be to leave three to four feet at each, end of each plot

to allow for possible mixing of seed or irregularity in sowing. Only one experi-

ment (1/33D) was studied, in which an agro'iiomic treatment^ was, included, and in

this case large plot margins were provided, and the depth of penetration of margin

ffect was not studied. It is probable, however, that with the large differences

between treatments often employed in agronomic trials, larger margins may be

necessary than in variety trials.

Margin effect varies considerably not only from variety to variety, but also

from plot to plot of the same variety in the same experiment. This is due to the

fact that different plots of a variety have different neighbours, and the effects of

competition on plot margins depend upon the relative vigour of the variety and
its neighbour. Where a markedly inferior variety is in competition with a superior

variety, the normal increase in yield of margins over central plots may be reversed

in plots ofthe inferior variety. Almost always in the experiments under discussion,

however, margins of all varieties have yielded more than their central plots, and
this indicates that competition, between varieties is not, usually. so severe as com-
petition between plants of the same variety.

The range of conditions under which the cotton trials were carried out, and the

confirmation of the results obtained from them by the data from the wheat trial

Justify the belief that the relative importance of different components of margin
effect are very similar under most conditions likely to be met with in practice.

V. SXTMMABY

Studies are reported on the extent and importance of margin effect in variety
trials on cotton and wheat.

The cotton trials were gro-wn under a range of different conditions including
irrigated and dry, and black cotton soil and sandy soil.
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It is sliowii that the magnitude of the eff3ct of margirivS on ineans depends

primarily upon the extent of the differences between the varieties included in the

trial.

Where differences between varieties were great, margin effect was largo, and

failure to allow adequate plot margins would have resulted in the drawing of

erroneous conclusions. Where differences between varieties were small, margin

effect was small, and the inclusion in the plots of areas, otherwise to be discarded

as margins, caused a reduction in error which materially improved the efficiency of

the experiment.

It is concluded that where markedly different varieties are to be compared^

one row on either side of each plot will be adequate for side margins. For end
margins three to four feet should he provided at each end of each plot to allow

for the effects of trampling, irregularities in sowing and possible mixing of seed.

Where varieties to be tested are similar in habit, it is actually advantageous to

dispense with margins especially where other considerations make it desirable,—

*

c.p., where difficulties of control in out-stations make simplicity essential—but in

such cases it is most important to surround the experiment with guard rows of

bulk crop to protect the outside plots. With the wide differences in treatment

common in agronomic experiments, wider margins are probably necessary.

The data show that in almost all varieties studied, competition between

varieties was less than between plants of the same variety. Where margins are

dispensed with, therefore, yields will he somewhat over-estimated.
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Appendix

Exp&TiM67it IBjSSGf Gottou vdfi^tiGS, irvigfitGd

The experiment was surrounded by bulk cotton on three sides and another

cotton varietal trial on the fourth.

Area of each plot

:

(1) Margins included, 18 ft. x 19 ft, 6 in. ^ 0 * 00806 acre,

(2) Margins excluded, 14 ft, X 15 ft. 6 in. = 0*00498 acre.

Plots with margins excluded are 61 * 8 per cent of those with margins included.

Varieties : Mollisoni

Gwn. 520

0/10/26*1

P. 289 F
P. 289Fi
P.285F2
New Ashmouni

Layout—Four randomised blocks in two rows.

Experiment 4B1330, cotton varieties, irrigated

The experiment had another cotton varietal trial and bulk cotton on one side

and only one row of desi cotton with vacant space beyond on the other. A path

two feet wide ran along the ends of experimental rows.

Area of each plot

:

( 1) Margins included, 18 ft. X 35 ft. =0 * 0145 acre.

(2) Margins excluded, 14. ft. X 31ft. —0*01 acre.

Plots with margins excluded are 69 * 0 per cent of those with margins included.

Varieties : Roseum
N.T. 10

Mollisoni

Desi

Malvi

Layout—Six randomised blocks in two rows.

NoTE.- Since the end plots, both of Malvi, in blocks X and 4 were not well pro-
tected by extra rows beyond and the yield figures for these plots with their margins
included were high, their yields estimated by the missing plot technique have been used
in the statistical analysis*^^ ^

^

^

^

^

^
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ExpeHmmt IjSSD, pre-soivn and rain-sown American and Desi cotton, irrigated

The experiiiieiit was not surrounded by any crop.

Area of each plot

:

(1) Margins included, 14 ft. X 15 ft. — 0*00482 acre.

(2) Margins excluded, 4 ft. 8 in. x 9 ft. = 0*000964 acre.

Plots with margins excluded are 20*0 per cent ofthose with margins included.

Varieties and treatments : Cambodia, Indore 25, pre-sown.

Malvi 9, pre-sown.

Cambodia, Indore 25, rain-sown.

Malvi 9, rain-sown.

Dates of sowing— Pre-rain on 29th May 1933.

On rains on 22nd June 1933.

Layout— Latin square 4x4.

Experiment 2I33D, cotton varieties, dry

The experiment was surrounded by a road on three sides and there was bulk

cotton at some distance from the experiment on the fourth.

Area of each plot

:

(1) Margins included, 11 ft. 8 in. X 68 ft. 3 in. = 0* 0183 acre.

(2) Margins excluded, 7 ft. X 02 ft. 3 in. == 0*01 acre.

Plots with margins excluded are 54* 0 per cent ofthose with margins inoluded.

Varieties : Malvi 1

Malvi 3

Malvi 5

Malvi 8

Malvi 9

Local

Layout—Six randomised blocks in two rows.

Noth.—^Two end plots of Malvi 1 and Malvi 3 in blocks 3 and 6 were on the road
side and two more plots of Malvi 8 and local at the other end had also extra vacant
space beyond. The yield of ail the.se four plots with margins included was abnormally
high, sothatth0ir yieldsestimatedby the missing plot technique have been used in

' the statistical analysis,
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Experiment VS1IS4I, Gottoil varuSes^

The exporinieixt had two guard rows on outer side of the edge plots.

Area of each plot :

(1)

Side margins included, 18 ft. 8 in. X 31 ft. = 0*0133 acre.

(2} End margins included, 14 ft. x 39 ft. = 0*0126 acre.

(3) Margins excluded, 14 ft. X 31 ft. = 0*01 acre.

Plots with margins excluded are 75*2 per cent of those with side margins

included and 79 * 4 per cent of those with end margins included.

Varieties: Cwn 520

MaM 9

Roseum
Local

G. 16

MaM 1

G. 51

Layout—Six randomised blocks in three rows.

Experiment 27121341^ wheat va rietm, dry

The experiment had two guard rows on the outer side of the edge plots.

Area of each plot

:

(1) Both siae and end margins included, 16 ft. 4 in. x 37 ft. =:0’ 0139 acre.

(2) Side margins included, 16 ft. 4 in.X 31 ft. = 0*0117 acre.

(3) Margins excluded, 14ft. x 31ft. = 0*01 acre.

Plots with margins excluded are 85*5 per cent of those with side margins

included.

Varieties : Punjab 8A
Punjab 91)

Cross 691

Pusa 114

C. P.115

Bansi 224

Bansi Pili 808

Local . ... ..
. *

Layout—Six randomised blocks in three rows
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I. Iotrodxtgtion

A proper understanding of hybrid vigour or heterosis is of importance both

from the academic and the practical viewpoint : from the former because herein

lies one of the profoundest mysteries in genetics, from the latter because breed-

ing policy must be regulated according to whether or not vigour of the outstanding

order sometimes found in the Fj can be '' captured ” as a homozygous segregate.

Though the scientific interest of hybrid vigour is of long standing, the extensive

literature on the subject is characterised by some unsatisfactory features, the most

fundamental being inadequacy of the numerical evidence. Further, it is often

impossible to teU exactly what is meant by ‘‘selfing ”
: the pollen applied to

a selfed plant may have been obtained from the plant itself or from another plant

of the same ‘‘selfed” line.

Within recent years hybrid vigour has been exploited with a certain measure

of success by plant-breeders. In some crops notably in maize, tobacco and tomato,

crossed seed can be obtained with ease in such quantity as to make it practicable

to grow a commercial crop of F^ plants. Substantial yield increases by this means

have been claimed.

*This paper is an abbreviated account of ‘ Investigations on yield in the cereals.

VIII. Hybrid vigour in wheat ’ by F. L. Eagledow and B. P. Pal, published in J.

Agria- Sci. 1934 : M : 390-409. The writer is obliged to Prof. Engledow and to the
Editors of the Journal of Agricidkir(d’Sewnce for tlie piiblication of

article in this furm»

)
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Aitlioiigh. it would be impracticable to grow cornmereial crops of plants of

a solf-polliiiatiug plant, >siicb as wheat, it might be possible theoretically
, assuming

hybrid vigour is shown by this plant, to increase yields by regularly raising crops

of, it may be, or Fg plants. Upon consideration of all the circimistaiices it was

decided to look for and study hybrid vigour in wheat. Comparisons of F^ plants

with the parents are limited in range by the difficulty of obtaining sufficient seed

by crossing. It was therefore decided to work along two separate lines : first,

to make an intensive study of one cross
;
concurrently to explore possibilities by

comparing small F^ and Fj populations for a large range of crosses. In all cases

development was studied by the easily determined but valuable index, rate of

tiller formation, since an increase in " vigour ’ as judged by final yield could not be

interpreted without growth data.

II. Experimental work

(a) Statistical comparison ofFu F^ and F^ with the parent forms

Little Joss (alternatively called Joss), a red smooth- chaffed variety, and Thule,

white rough-chalfed variety, of Triticum vulgare, were reciprocally crossed.

The growings were :

Generation Year Plot layout

The reciprocal F^’s and both parents. 1929-30 A 4 X 4 Latin square with 108 scads

per plot.

Fg and buth parents /the Fg was an 1930-31 A 4 x 4 Latin square with 560 seeds

equal mixture of the seeds set by per plot. The Latin square was
the reciprocal Fj's). sown in duplicate.

F/s and both parents . . , 1931-32 In each case a 4 x 4 Latin

square with 162 seeds per plot*

F^’s and both parents

F^’s and both parents.

In the plots the sowing interval was 8 x 2 in.

• {h) SmalUscale observational comparisons of the F^ and the parents for a
large range of crosses

The Fj population was ofabout twenty-five plants only, so that although actual

measures of germination, tillering and yield were made, the data cannot be
examined statistically. It was hoped that the^e experiments might reveal some
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caseg of marked hybrid vigour aud show the relative value of parevid-ai forms in

relation to the phenomenon. The crosses were in four groups, :

—

Between varieties of T. vulgar

e

(21 chromosomes)*^.

Between varieties of species with 14 chromosomes.

Between varieties of species with 21 chromosomes.

Between the 14 and 21 chromosomes species.

In almost all cases reciprocal crosses were made.

{c) Physiological experiments

Comparisons of and parents were made in respect of embryo weight, rate

of dry weight increase, and rate of respiration of germinating grains. The respira-

tion experiments were very kindly carried out by Dr. H. R. Bamell.

The effect upon grain development and germination of covering the ear with

a waterproof paper bag during hybridising was studied, as also the alleged effect

upon vigour of the act of hybridising
( regeneration when plants of the same

variety are used as parents.

III. Detailed study of the cross Little Joss x THULEf

As explained in section II, reciprocal crosses were made between these two

Tarieties and the and Fg generations were compared with the parents.

In 1931-32 there were daily counts of germination and of rate of leaf formation.

In this and in the other two crop-years also, some observations on tillering and

determinations of final yield of grain were carried out.

Germination.—^The initial differences between the parents themselves and
between the two (reciprocal) were not significant but at every germination

count the F^ values were significantly greater than those for either parent, in most
cases at the 100 : 1 point and in all cases at the 20 : 1 point at least.

Leafformation,—Counts made in 1931-32 showed the F^ populations to be in

advance of both parents in rate of leaf formation (prior to the commencement of

tillering). The F2 from Joss x Thule had significantly more leaves than either

parent, but the reciprocal Fg exceeded only the Thule parent. Both the Fg
generations were significantly greater than Thule but not significantly greater
than Joss.

Tillerhig. Tillering, taken to mean number of side shoots (i.e., additional to
the main axis of the plant), gave results which, for all the counts made, are shown
fully in Table I. The essential differences are set out below where T = Thule,
J=Little Joss, Jx T=Fx Joss X Thule, TxJ == Fx Thule x Joss, > = signi-

ficantly greater at 100 : 1 point and (>) ==: significantly greater between the 20 :

1 and 100 : 1 points. While many actual differences in Table I are not statistically

The haploid number of chromosomes is referred to.

t In naming the parents of a cross, the female is always written first in this papers
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si^^iiifioaufe the ciotistaixoy of fliG sign in som© ossos, for insfaixoO; th© difforGuce

between the reciprocal Fi’s in 1929-30, deserves to be noticed.

Fi J X T>T at 6 out of 6 counts in 1929-30.

>T „ 1 „ 1 count in 1931-32.

>,7 „ 2 ,, 6 counts in 1929-30.

>,J „ 1 „ 1 count in 1931-32.

>FiTxJ „ 2 „ 6 counts in 1929-30.

>PiTxJ „ 1 „ 1 count in 1931-32.

FiTxJ>T at 6 out of 6 counts in 1929-30.

>T „ 1 „ 1 count in 1931-32.

<;j „ 2 „ 6 counts in 1929-30.

>J „ 1 „ 1 count in 1931-32.

<PiJxT „ 2 ,, 6 counts in 1929-30.

<FiJxT „ 1 „ 1 count in 1931-32.

F2 J X T >T at 4 out of 4 counts in 1930-31.

>T „1 „ 1 count in 1931-32.

<J „4„ 4 counts in 1930-31.

<J „ 0 ,, 1 count in 1931-32.

>F2 TxJ „1 „ 4 counts in 1930-31.

(>)F2 TxJ„ 1 „ 1 count in 1931-32.

F.2 TXJ '->T at 4 out of 4 counts in 1930-31.

>T „1 „ 1 count in 1931-32.

<J „4 ,, 4 counts in 1930-31.

<J ,, 1 ,, 1 count in 1931-32.

(OFgJxT „ 1 „ 4counts in 1930-31.

(OFaJxT „ 1 ,, 1 count in 1931-32.

FjJxT >T at lout of 1 count in 1931-32.

<<T „1 „ 1 „ 1931-32.

>F3 TxJ „0 „ 1 „ 1931-32.

F3 TxJ >T at 1 out of 1 count in 1931-32.

<J » 1 „ 1 „ 1931-32.

<F3 JxT „0 „ 1 „ 1931-32.

For the parents J>T at all the thirteen counts in tlnee years combined, and
significantly so in eleven of them.
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Table I

Avmnga ritmiber of side tiUers per plant (i.e., not counthig the mitin axis)m Joss, Tlmle^

and their h\, F^^ayid F.^ genemtiom. The numbers are expressed on the basis

of the general mean {of the two parents and the two hybrid generations) = lOOi

Date of count Joss Thule Jos« X
Thule

1

Tliulo X
Joss

Fj 1929^30

25th January . . • 113-4 56*7 119-8 lll-o

1st Febraary 111-1 66*8 116*6 107-5

15th February 114-1 64- 2 116'5 105*0

1st March . 109-9 632 120-2 106-

6

1 5t}i March .... 109-5 70-9 114-3 106-3

8th August (harvest) 109'

1

93*9 101 -0 97-0

Fi 1931^32

23rd February . .

,

|

92-5 64-3 123-4

1

119*7

Fa 1980-31

27th January 148*4 34-4 123-0 95-1

17th February 120'

7

77-5 . 102-4 100-0

18th March .
135-4 67-0 99*7 98*3

l()th April .... 113-4 82-3 104-4 99*7

Fjj 103To 2

25th February 115-7
j

71-8 i,., 110-9 .

1

101-7

1% 193F32

26th February 1211
1

75-5

j

103-7

j

99-9

TirM. —Yield iutlu3 fonn of weight of grain per unit nxon is given in Tabic

II. Although in mowing the spacing was the same in all ])lotfe, an acceptable

measure of average yield per plant could not be obtained, for mortality, and

therefore, effective spacing, was not the same in all four populations [two parents

a
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and two (reoiproGal) hybrids) ^ Employing the same notation as for tillering, the

significant differences were :

Pi J X T >Tin 1931-32.

?> »

PiT X J >Tin 1931-32.

93 >9

Pg J X T >T in 1931-32.

PgT X J >T „ „

Pg No differences significant.

J >T in 1931 -32 (in the comparisons of Fi and Pg but not of P^ ).

Table IT

Yield ofgrain {air^dry) per unit arm ofJoss ,
Thule

,
and their Fi

,

Pg -

tiort^s. The yields are expressed on the basis of the general mean {of the two

parents and the two hybrid generations) = 100.

Year Joss Thule Joss X
Thule

Thule X
Joss

1929-30 . . • • 103-9 88-3 104*0 103*7

1931-32 • 97-5

jr

83*8 111-3 107*4

1930-31 ,

r 2

106*6
1

98*3 94*6 100*0

Duplicate sowing . * 106*6
i

;

95 * i ,

97*7
, J

j

100*7

1931-32 • 110*1 81*6 104-

1

|. 104*3

1931-32 >
j

: 110-7

1

95-6
1

98-9
1

96-1

Ill most of the previously published ex])eriments on hybrid vigour the data

do not allow of comparison between season and season. There is a noteworthy

exception in Bredemann and Heuser [1931] who in a comprehensive six-year

experiment with rye were impressed by differencevS in vigour from year to year.

Tables I and 11 show that for P^ in 1929-30, Joss x Thule exceeded both parents

and its reciprocal in tillering and also in yield, the reciprocal being intermediate

between the parents. In 1931-32, however, the F^’s for both directions of the

cross exceeded both the parents in tillering and also in yield.
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[V. Comparative viaouR of the Eg and Eg .genbbatiohs, and of the

REOIPBOCAL DIRECTIONS, OF THE CROSS LiTTDE JOSS X ThITDE •

For convenience, the reciprocal directions of the cross will be considered first.

In the generation no diflferenoes were found in respect of germination and early

leaf formation. Constant observation, however, gave rise to the impression that

the Fj J X T was growing, and in particular tillering, far more vigorously than

its reciprocal. Periodic counts showed, however, that the tillering difference

was significant on only three out of seven occasions in the 1929-30 and 193 1‘32

crops combined. As Table I shows, the difference had on all seven occasions the

same sign, and since the plots were only four times replicated, it may be inferred

that the one direction of the cross showed a small hut certain increase in vigour

of tillering over the other direction. This difference however was not followed

up by a difference in yield per unit area. For the Eg generation there is slight

evidence for the superior early leaf formation and tillering of J X T as compared

with T X J but no yield difference between them. The reciprocal Fg’s showed

no significant differences at all.

Taking the Ej, Eg and Eg generations together, it is seen that reciprocal

differences are fairly common but never large. But it is important to observe

that every significant difference is in the same direction, J X T > T x J.

Observations made by eye all through the growing period gave rise to the impres«

sion that this directional superiority was well marked though far more apparent

in the first five or six months than in later life.

The relative vigour ofthe successive generations in respect of early leafforma-

tion (for germination the data is for Ei’s and parents only), tillering and yield

indicates that there was a steady decline, r.c,, Eg < Fi > Eg !> Eg.

V, Observations on a wide range of crosses : various phenomena connected
WITH HYBEIDITY I

The exploratory’' purpose of a wide range of crosses, each on a scale not large

enough for strict statistical examination, has been explained in Section II. The
full list of the parents used in the crosses is given in {4 ) of this Section. The main
trends of the results will be given in spite of the limitation of statistically low
numbers of observations. For, on the one hand, it is difficult to make really

adequate numbers of crosses ; and on the other, one of the chief clues to the
nature of the obscure phenomenon of hybrid vigour is to settle its range of
occurrence.

(
1

) hybridising wheats the general impression was obtained
that even among closely related forms having the same (chromosome number it is

easier to cross some varieties than others. Moreover a larger proportion ofhybrid
grains to florets pollinated was |n some cases obtained in one direction of the cross

"'O’. I
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than in the other. Tn crosses where the parents mature their anthers at consi-

derably different times, differences in erossability between the reciprocal directions

may, perhaps, be simply explained. But in other crosses where no doubt was

occasioned by time of anther maturation, certain varieties always proved more

HiK^cessfiil as female than as male parents.

(2) Xenia {grain weight effects),—Table III gives the results from the crosses

now under discussion. Their trend suggests that in inter-varietal {T, vnlgare)

crosses, the crossed grain is usually heavier than that of one or other of the parents

and often heavier than both. In the other categories of crosses there is a general

tendency to decrease below the parental values.

Table III

The relative weight of the crossed grain and of the grains of the parent forms. A
cross and its reciprocal are separately entered. The crosses were made in 1932,

The upper line of each entry in the table gives the number of crosses concerned^ the

lower (in brackets) the limits of the increase per cent over the stated or the larger-

grained parent (Ff) or of the decrease per cent beloiv the smaller-grained

parent.

Crosses

between
hexaploid
wheats
(allT.
vulgare)

Interspecies

crosses of
tetraploid

|

wheats

Interspecies

crosses of

hexaploid
wheats

[

'

, :

Interspecies

crosses of
tetraploid

and hexa-
ploid wheats

Decrease below both 6 9 4 3
(1-35) (2-47) (8-23) (14-58)

Increase over but not 4 5 7 Nil
over Fo.$ (13-49) (8-20) (1-73)

Increase over F^^ but not 11 2 3 Nil
over ¥q^ (2-46) (2-18) (3.36)

Increase over both F^’s 13 2 3 Nil
(1-24) {1-2, (4-21)

Total crosses made 34 18

,

17 i

1

3

Examination of the results suggests that the occurrence of crossed grains of

weight greater than the parental grains is not correlated with the grain size of the

male parent.

One of the vulgare wheatvS here used, Tom Thumb, produced characteristically

shrivelled grain. The grain it set when pollinated with strongly-growing English

varieties of T. vulgare were invariably shrivelled and poorly filled. In contrast

the T, vulgare forms, Chinese White and Iron gave, in all the crosses in whicli they

\verf) the female parent, excellently filled grain^
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(S) Tillering and yield of Fi and .—Although actual counts were made as

checks upon eye-impressions they cannot ho used here because of the smallness of

the plant populations concerned. The general conclusion was that most of the

Fi*s tillered more profusely than their parents, the difference in some cases being

very striking indeed. In yield also there appeared to be differences liarmonious

with those in tillering. The cross, Little Joss X Yeoman, was in two seasons

an appai’ently outstanding example of hybrid vigour in Fi.

{4) The influence of certain varieties as parents,—The parents used for this

series of crosses were :

—

Tetraploid Hexaploid

Emmer {T. dicoccum)

Persian Black (T, persioum)

Kubanka {T. durum) .

Polish (T. polonicum)

Rivet (T. turgklum) .

White Spelt {T. speltaf

American Club (T, coynpactum).

Sphaerococcum {T, Sphaerococcum)*

Red Fife {T. vulgare).

Squarehead’s Master (T. vulgare).

Little Joss [T, vulgare).

Yeoman (T. vulgare).

Red Marvel {T. vulgare)^

Hen Gymro {T. vulgare).

Old Fashioned 2 [T, vulgare)*

Tom Thumb {T. vulgare),

Victor (T. vulgare).

Ivon (T, vulgare).

Thule (T. vulgare),

Chinese White {T, vulgare).

In most cases the cross was made reciprocally and counting a cross and its

reciprocal separately, the number of crosses was :

—

T, vulgare x T, vulgare—5Q,

Hexaploid species X hexaploid species—17.

Tetraploid species X tetraploid species—18.

Hexaploid species X tetraploid species—-3.

It was concluded that some of the varieties inftaenee their Ft progeny in

characteristic ways. The outstanding examples occurred in the T, vulgare X

T. vulgare crosses. Red Marvel, Iron and Old Fashioned 2, whether used as male or

female parents, gave in all their crosses, F/s of markedly lower tillering capacity

than the higher tillering of the two parents. Tom Thumb as a female parent,

always gave poor F^’s: as male parent it gave very vigorous progeny. The

outstanding variety was Chinese White, its Fi’s being always very vigorous (for

tillering) whether it was used as male or female parent. It was concluded that

no general connection subs Istecl between the vigour of tillering of the parent
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varieties and of the resulting F^. These results reinforce the view of some other

investigators [e. g., Jenkins^ 1929] that some varieties characteristically give

vigorous and others feeble Fi’s. Taken with the additional conclusions that some

varieties give much better F/s in one direction than in the reciprocal direction

of a cross, it opens an approach, albeit lengthy, to the nature and causes of hybrid

vigour.

VI. Physiological aspects

(1) Embryo weight—^This was studied in the Joss X Thule cross, using ten

grains for each parent and for each of the reciprocal directions of the cross, and also

in the Joss x Yeoman cross, using 120 grains (12 lots of 10 each) of each of the

four categories. The latter cross though not studied in full like the former,

appeared to give an exceptionally vigorous P^. The seeds were placed on layers

of filter paper in Petri dishes, just covered with distilled water, and kept for twenty-

four hours in an incubator at 23''C. Upon removal the seeds were dried (surface

moisture) with filter paper, and weighed. Then the embryos were dissected out

and weighed (= fresh weight of embryo) and finally after twenty-four hours in an

oven at about 100®C. they were again weighed (=dry weight of embryo). In

each case the dry weight of the embryo was the same for crossed grains as that

formed by the female parent on normal selfing. The position therefore appears to

he different from that in maize where Ashby [1930, 1932] found greater initial

weight ihhybrid embryos as compared with parental embryos. However Ashby’s

conclusion that there is no acceleration of growth rate in maize hybrids exhibiting

hybrid vigour, the latter phenomenon being attributed to the larger ^ capital
’

with which the hybrid embryo commenced life, has been recently questioned by
Lindstrom [1935]. Lindstrom reduced the ‘ capital ’ of young hybrid plants by
decapitation and found that despite this handicap the hybrids overtook the growth

of the untouched parental lines, indicating that the hybrids had a faster growth

rate.''

(2) The effect of artificial selfing

»

—^To find out whether the technique of crossing

favoured in any way either the selfed grain of the parents or the crossed grain,

both naturally and artificially selfed seed of six wheat varieties was obtained under
the same growing conditions for all Artificial selfing was carried out in exactly

the same way as artificial crossing, save for the kind of pollen used. It was found
that though the rate of germination was more rapid for the artificially selfed seed

in the case of five varieties, the total germination was the same for both kinds of

selfed seed. The slight '' lead ” obtained by the former by its earlier germination

was not maintained.

(3) Respiration rates of germimting grains, hybrid and parental,—Measure-
ments of respiration of germinating grains by the Pettenkofer method were very
kindly made by Dr, H. P. Barnell, He used the parental and reciprocally crossed

graius of the Joss X Thule cross, which as described in Sections III and IV showed
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a small but securely demonstrated degree of ‘ hybrid vigour ’ in Fi- It was possible

to give only ten grains of each of the hybrid seeds. From the results it was pos-

sible to infer that up to 180 hours from the time of putting the grains in water

the more vigorous parent, Joss, has a decidedly lower respiration rate than Thule ,

and further, that both kinds of crossed grain respire at about the same rate as

Thule.
.

Experiments were also made on rate of dry weight increase of the growing

embryo. The results were not in harmony with either the respiration results or

with the idea that hybrid vigour m wheat is controlled, as Ashby concluded it

to be in maize, by initial embryo weight.

(4) Some general inferences.—

M

examination was made of the whole of the

literature bearing upon hybrid vigour and a list was assembled of all the crosses ui

which the phenomenon appears to have been clearly shown. Admissibility of

evidence has had to be determined from the recorded circumstances, for the cases

are few hideed in which trustworthy numerical evidence is given. Of the

apparently sound cases fourteen are for crosses among varieties of the .same species,

the species involved being ; Zea Mays, Z. saccharakt, Andropogon Sorghum, Secale

cereale, SoUnum mehngena, Lycopersicum esoderdum. Petunia violacea, Digitahs

purpurea, Hindus Ide^as, Viola tricolor, Diadhus caryophyUus, NenwpUla insignis,

Bfdssica ol€>Tacea, Soja max.

Of interspecies crosses in which hybrid vigour seems to have been shown

clearly there are twenty-nine oases involving two or more species of the foUowing

genera : Solanum, Datura, Petunia, Lycium, Nicotiana, Verbascum, Digvtahs,

Pedstemon, Halva, Althaea, Lavdera, Tropaedum, Gucumis, Lobelia, MirabiUs.

So far as this list goes there is evidence that hybrid vigour occurs preponder-

antly in crosses among parents which are (a) diploid, (6) naturally out-pollinating,

(c) endospermic in seed. The significance of the association of these with hybrid

vigour cannot yet be judged.

VII. SxjMStARY

An intensive investigation of hybrid vigour m the cross Little Joss X Thule

(both varieties of jT. in the Fi, Fj, and Fg generations was made. In

addition a range of ninety-four crosses was studied on a small scale ;
of these fifty-

six were between varieties of T. wilgrare, the remainder being interspeci^^ some

with parents of the same chromosome number and some not. “ Vigour

variously specified by investigators, was here taken to be yield of grain together

with the associated attribute, tillering. Certain physiological experiments were

also made on grain weight, germination rate, embryo weight and respiration rate

of the germinating grain. The orossses were made reciprocally.

Clear evidence of hybrid vigour was displayed in the cross Little Joss x

Thule, though the manifestation was not so striking as, for example, in maize.
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Botwcoii the nx'iprocal. directions of the cross, small but statisticfilly certain differ-

dices were established m Fi : in Fo there were slight indications of dilForence,

the Fg’s were identical in vigour.

Vigour in the successive hybrid generations as compared with the parents

(Fq) was clearly in the order Fo<;^i>F 2>^3 -

From the wide range of crosses a number of general inferences was drawn

(i) 111 some varieties a restricted optimum period for crossing was found. (2)

Certain wheats regularly proved more successful (proportion of successful pollina-

tions) as female than as male parents. (3) In crosses of T .vulgare x T. valgare

the actual crossed grain was in most cases of greater weight than that of one parent

and often heavier than either. With iiiterspeoies crosses, however, even when the

parents had the same chromosome number, decrease instead of increase was found

ill most cases. (4) An Fi of greater tillering capacity and yield than its parents

resulted from most of the crosses. (5) But there were important exceptions and

certain varieties stood out as good or bad, in respect of vigour of Fj progeny,

when used as male parent or female or in both directions of crossing.

From the physiological experiments it was clear that Ashby’s explanation

of hybrid vigour in maize Fi’s as resulting solely from the greater embryo weight

of the crossed grain, was inapplicable to wheat. No increase in weight over

parental embryo weight occurred. Measurements of respiration rate gave further

evidence against the possibility that embryo weight influences hybrid vigour in

wheat.

From examination of all the published cases of hybrid vigour it appears that

the phenomenon occurs preponderantly in crosses among parents which are (a)

diploid, (b) naturally out-pollinating and (c) endospermic in seed.
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I* Intro^i^ction

Excepting the pioneer work of Howard, Howard and Khan [1915] and the

supplementary note by Khan [1929], there is no other literature availa;ble on

the classification of Indian safflower {Garthamus tinctorius L.). Both these

works were found helpful in the isolation and identifioation of the types by the

writers, during the course of their investigation on this crop.

While studying the botanical characters of the safflower types the writers,

however, felt that some of the characters used by Howard, Howard and Khan

in their classification were not sufficiently clear. Their classification was based

on rather broad divisions of the plant characters.

For example, the spinose and spineless types are grouped in one common class

II '' Outer bracts ovate to rounded, moderately spinose to spineless ’V of the key-

Similarly the Types 9, 15, 16, 18 and 21 with lanceolate and spinose bracts and the

Types 29, 30, 31, 32, 33 and 34 with lanceolate and spineless bracts, as mentioned

in the description of these types, have also been included in this class. Again;

such characters as (1)
‘ moderately spinose (2) faint red dot at the apex in Types

28 and 29, (3) trace of red near the apex in Type 14, and (4) presence of red streaks

on the sides of the flower buds in Types 29, 30, which are not sufficiently clear, are

us^d in the key. Such characters are therefore likely to be misused. It was

( 705 ) H
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observed that red colour in the form of red streaks or red splashing, noticed in the

flower buds of some of the types, was probably due to aphis attack, although these

types were normally free from such red colouration.

Besides, the twenty-nine new types which were discovered by the writers

during the course of their investigations could not be fitted in the classification of

Howard Howard and Khan.

The revision of the classification of Indian safflower is therefore attempted

by the writers, using the classification of Howard, Howard and Khan as its

basis. In their revised classification single and distinctive characters are used,

indefinite terms are as far as possible avoided, and its scope is enlarged by the

inclusion of the twenty-nine new types.

The original numbers of the Pusa types have been retained and supplementary

characters of diagnostic importance are noted under each. The new types have

^ their
diagnostic characters described in detail. 'Owing to the re-distribution of

the Pusa types and retention of their original numbers serial order of the types

could not be kept either in the key or in the description of the types.

Finally the writers express their indebtedness to Dr. F. J. F, Shaw, Imperial

Economic Botanist, for his helpful suggestions.

Ill Key to the types

1. Bracts sfinose

(1) Outer bracts lanceolate.

(A) Inner bracts smooth and green.

{a) Florets white.

Plants erect—^Type 1.

Plants spreading—^^Types 35, 36, 37.

(h) Florets yellow, turning to brownish yellow on fading.

Plants erect—Type 35.

Plants spreading-—Types 2, 3, 4.

(c) Florets yellow, turning to red on fading.

Plants erect—Types 25, 3P, 41, 42.

Plants spreading—Types 5, 6, 7, 20, 21, 23, 26, 27, 28, 43, 44, 45,

46, 47, 48.

(d) Florets reddish orange, turning to red on fading.

Plants erect—Type 49.

The types in Italics are n^w
j
the rest are Pusa types,
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(B) Inner bracts felted and white,

() Florets white.

Plants erect—^Type SO.

() Florets yellow, turning to brownish yellow on

Plants erect—Type 9.

Plants spreading—^Types 51, 52.

(c) Florets yellow, turning to red on fading.

Plants erect—^Type 53,

Plants spreading—^T3rpes 15, 16, 54,

(d) Florets deep red.

Plants erect—^Type 55,

(2) Outer bracts obovate to rounded. .

(A) Inner bracts smooth and green.

(a) Florets yellow, turning to red on fading.

Plants erect—^Types 19, 22.

Plants spreading—-Types 56, 57,

(b) Florets deep red.

Plants erect—Type 24.

Plants spreading—Type 58,

(B) Inner bracts felted and white.

(a) Florets white.

Plants erect—Type 59,

(b) Florets yellow, turning to brownish yellow on fading.

Plants spreading—^Type 8.

(c) Florets yellow, turning to red on fading.

Plants erect—Types 10, 12, 13, 14, 60,

2, Bracts spineless

(1) Outer bracts lanceolate.

(A) Inner bracts smooth and green.

(a) Florets orange yellow, turning to red on fading.

Plants erect—Types 29, 30.

Plants spreading—Types 31, 32, 33, 34.
'

m2::
-
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(2) Outer bracts obovate to rounded.

(A) Inner bracts smooth and green.

(a) Florets yellow, turning to orange red on fading.

Plants erect—^Type 18.

(B) Imiet bracts felted and white.

(a) Florets white.

Plants erect
—

^Type di.

(b) Florets yellow, turning to red on fading.

Plants erect—^Types 11, 62.

(o) Florets deep red.

Plants erect—Type 17.

Plants spreading—Type 63.

IIL Descriptions of the types'^

1. Bbacts spinosb, outer lanceolate, inner smooth and green

(a) Florets white

Type 1.—Plants tall, above 130 cm. in height. Bracts with apical spines and

without hairs. Maturity late.

Type 36.—-Habit spreading. Plants intermediate in height, about 115 cm.

high. Leaves dark green, deeply incised, 18-21x4*5-5 cm. Bracts leafy, lanceo-

late, spiny. Florets white, changing to dirty white. Maturity late.

Type 36.—Habit spreading. Plants short, less than 95 cm. in height. Leaves

dark green, slightly incised or sometimes dentate, 16-19 x 4*5-5 cm. Bracts and
florets as in Type 35. Maturity late, but earlier than in Type 35.

Type 37..—^Habit spreading. Plants intermediate in height, about 105 cm.
high. Leaves incised, darker than in Type 36, 17-19x4-4*5 cm. Bracts as in

Type 36 but narrower and shorter. Florets as in Type 35. Maturity late.

(h) Florets yeUoWy chariging to brownish yellow on fading

Type 2.—Plants intermediate in height, about 115 cm. high. Leaves slightly

incised or deeply dentate. Maturity intermediate.

Type d.—Plants intermediate in height, slightly taller than in Type 2.

Maturity early.

^Plants up to 100 cm. high are termed short, 100-130 cm. intermediate and above
130 cm. tall. Plants maturing within 150 days are termed early, those maturing
within 150-160 days intermediate and those maturing after 160 days late. The
descriptive notes on the Pusa types hAve been confined to supplementary characters
of diagnostic importance.
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Typed.—Plants short, about 95 cm. high.

<35.—Habit erect. Plants tall, height 130 cm. Leaves light green,

with few short marginal spines, serrate, 15-18 x 3-5 cm. Bracts lanceolate,

green, spinose with long spines. Florets very light yellow, turning to light red on

fading. Maturity late.

(c) Fiords yellow^ ttmiing to red on fading

Type 5.—Plants intermediate in height, about 115 cm. high. Maturity

early.

Type 6.—Plants tali, about 145 cm, in height. Leaves light green, serrate

to dentate. Maturity very early.

Type 7.—Plants tall, about 135 cm. high. Leaves light green, lighter than

in Type 6, serrate to dentate. Maturity early.

Type 18.—Plants tall, about 145 cm. in height. Bracts slightly spiny.

Florets yellow, turning to orange red on fading. Maturity late.

Type 20.—Plants tall, erect and compact, between 100 and 140 cm. high.

Maturity early.

Type 21.—Plants intermediate in height, about 125 cm. high. Leaves

serrate to dentate. Florets yellow, turning to orange red on fading. Maturity

intermediate.

Type 23.—Plants intermediate in height, about 105 cm. high. Bracts lanceo-

late to elliptical, green and slightly spiny. Maturity intermediate.

Type 25.—Habit somewhat erect or tending to he spreading. Plants inter-

mediate in height, about 115 cm. high. Maturity early.

Type 26.—Plants very short, about 80 cm. high. Maturity early.

Type 27.—Plants short, about 100 cm. high. Bracts, flower buds and

florets as in Type 26, but the red dot at the apex of the flower buds less distinct.

Maturity early.

Type 25.— Plants intermediate in height, about 115 cm. high. Florets yellow,

turning to orange red oil fading. Maturity early.

Type 39.—Habit erect. Plants intermediate in height, about 125 cm. high.

Leaves light green, incised, 24-27 X 6*5-7 cm. Bracts lanceolate to elliptical,

rarely rounded, smooth, green and slightly spinose. Flower buds yellow with red

base and red tip. Florets yellow, changing to red on fading. Maturity late.

Type 40.—Habit erect. Plants tall, 100-130 cm. in height. Leaves dark

green, broadly dentate. Bracts lanceolate, long, green, smooth and spinose.

Flower buds yellow. Florets yellow, turning to red on fading. Maturity late.

Type 41.—Habit erect. Plants talh 100-140 cm. in height. Leaves light

green serrate. Bracts lanceolate, long, green, and smooth and spinose. Flower
buds yellow. Florets yellow, turning to red on fading. Maturity very late.
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Ty^e 42^—Habit erect. Plants tall, 100-140 cm in’" height. Leaves very

large, incised,, green. Outer bracts lanceolate with a few short spines. Inner

bracts obovate to rounded, green, smooth, with, a few. short spines. . Flower buds

deep yellow. Florets deep .^^ellow, turning to red on fading. Maturity late.

Type 43,—Habit spreading. Plants short, about 95 cm. in height. Leaves

light green and serrate, 14-16 x 4-5 cm. Outer bracts lanceolate, very long and

with long spines. Flower buds yellow with reddish splashing on the sides and

tips yellow without red dot at the apex. /Florets yellow, fading to orange red.

Maturity early.

Type 44,—Habit spreading. Plants short, 80400 cm. high. Leaves green,

broadly dentate, 18-22 X 6-6*5. Bracts lanceolate,' short but broad, and green.

Flower buds yellow, turning to red on fading. Maturity intermediate.

Type 45.—Habit spreading. Plants intermediate in height, about 105 cm.

high. Leaves light green, broadly dentate, 17-22 X 5-6 cm.' Bracts—outer

,lanceolate to elliptical, and inner lanceolate or obovate to rounded, green and,

spinose. Florets yellow, changing to red on^ fading. Maturity late.

Type 46.—Habit spreading. Plants short, about 95 cm. high. Leaves light

green and serrate, 17-18*5 x 4*5-5’5 cm. Bracts as in Type 23. Flower buds with

distinct red base and yellow tip. Florets reddish yellow or orange from the

start and red on fading. Maturity intermediate.

Type 47,—^Habit spreading. Plants short, about 100 cm. in height. Leaves

green, dentate to serrate. Bracts lanceolate, smooth, green and spiny, 14-15

X 3*5-4 cm. Flower buds yellow with red splashing at the base and red

towards the tip with yellow apical dot. Florets reddish yellow, changing to red

on fading. Maturity intermediate.

Type 48,—^Habit spreading. Plants short, about 85 cm. high. Leaves light

gi:een, serrate or slightly dentate, 14-16 X 4*5. Bracts lanceolate, green and
spinose. Flower buds with distinct red base, reddish below the apex and with
no red dot at the apex. Florets yellow, turning to red on fading. Maturity

intermediate.

(d) Florets reddish orange, changing to red on fading

Type 49.—Habit erect. Plants intermediate in height, about 115 cm. high.

Leaves green, deeply incised, 26-35 X 6-13 cm. Bracts lanceolate, rarely obovate

to rounded, smooth, green and slightly spinose. Flower buds reddish with yellow

tips. Florets reddish orange, changing to red on fading. Maturity late.

II. Bracts spinose, outer lanceolate, inner felted and white

(a) Florets white

Type 50.—Habit erect. Plants intermediate in height, about 125 cm. high.

Leaves dark green, incised, 20-26x 4 • 5-5 * 5. Bracts lanceolate, felted and white,

and moderately spinose with short spines. Flower buds white. Florets white,

changing to dirty white on fading. Maturity intermediate.



CLASSIFICATION OF INDIAN SAFFLOWEE 711

(6) Florets yellow, turning to brownish yellow on fading

Type 9 .—Habit erect. Plants tall, abont 145 cm. Hgb. Leaves dark green,

dentate to incised. Bracts lanceolate, with a few short spines, felted and white.

Maturity late.

Type 51 .—Habit spreading. Plants short, about 100 cm. high. Leaves

green and broadly dentate, 20-23*5 x 4 *5-5 *5. Bracts lanceolate, long, felted

and white, and slightly spinose. Flower buds pale yellow. Florets yellow,

turning to brownish yellow on fading. Maturity early.

Type 52 .—Similar to T3rpe 51 in habit, height, flower buds, florets and matu-

rity. Leaves broadly serrate, 16-18 x 4 •5-5, Bracts, however, are distinctly

shorter and narrower than in Type 51, though lanceolate, felted and white, and

slightly spinose as in Type 61

.

(c) Florets yellow, turning to red on fading

Type 15 .—Plants short, about 100 cm, high. Maturity intermediate.

Type 16 .—Plants intermediate in height, about 110 cm. high. Maturity

intermediate.

Type 53 .—Habit erect. Plants intermediate in height, about 120 cm. high.

Leaves light green, incised, 23-28 x 5-7*6 cm. Bracts lanceolate, felted and

white, and spinose with apical spine prominent. Flower buds yellow with no

red dot at the apex. Florets yellow, turning to orange red on fading. Maturity

late.

Type 5i .—Habit spreading. Plants intermediate in height, about 110 cm.

high. Leaves green and incised, 17-20 x 4*5-5 cm. Bracts lanceolate to

elliptical, felted and white, and spinose. Flower buds yellow with red dot at

the apex. Florets yellow, turning to red on fading. Maturity intermediate.

(d) Florets deep red

Type 55.—Habit erect. Plants intermediate in height, about 115 cm. high.

Leaves dark green, incised, 20-30 x 6-8 cm. Bracts lanceolate to elliptical, felted

and white, and with a few short spines. Flower buds deep red with yellow apical

dot. Florets orange red, fading to deep red. Maturity late.

III. BbACTS SPINOSE, OUTEE OBOVATE TO ROXTNDEI), INNER SMOOTH AND GREEN

{a) Florets yellow, turning to red on fading

Type IP.—Plants tall, about 165 cm. in height. Bracts obovate to rounded,

smooth and green, with a few short spines. Maturity late.

Type 22.—Habit erect. Plants tall, height a little over 130 cm. Leaves
serrate to dentate. Maturity early.
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Type 56.—Habit spreading. Plants intermediate in height, about 115 cm.

high. Leaves green, serrate, but not spinose, 16-22 x 5-6 cm. Bracts obovate

to rounded, spinose, smooth and green. Flower buds yellow with no red dot at

the apex. Florets yellow, turning to red. on fading. Maturity intermediate.

Type 57.—^Habit spreading. Plants short, about 100 cm. in height- Leaves

green, serrate but not spinose, 13-15 X 3-4 cm. Bracts obovate to rounded,

smooth and green, and with very short spines. Flower buds, florets and maturity

as in Type 56.

(5) Florets deep red

Type <^4.—Plants tall, about 150 cm. in height. Bracts obovate to rounded.

Maturity intermediate.

Type 58.—Habit spreading. Plants intermediate in height, about 110 cm.

high. Leaves dark green, incised, 14-16 X 4-4 *5 cm. Bracts obovate to rounded,

smooth and green and slightly spinose. Inner bracts very small. Flower buds
deep red with a yellow apical point. Florets orange red, turning to deep red.

Maturity intermediate.

IV. Bracts spinose, outer obovate to rounded, inner felted and white

(a) Florets white

5.9.—Habit erect. Plants tall, about 145 cm. in height. Leaves light

green, broadly serrate, 14-19 X 3 *5-5 -5 cm. Bracts obovate to rounded, felted

and white, and slightly spinovse. Flower buds and florets white, changing to

dirty white. Maturity early.

. (5) Florets yellow^ turning to brownish yellow on fading

Type Plants intermediate in height, about 115 cm. high. Bracts obovate
to rounded, slightly spinose. Maturity intermediate.

(c) Florets yellow^ turning to red on fading

Type 10.—Plants tall, about 100 cm. high. Leaves broadly serrate at the
upper end and slightly incised at the lower. Bracts quite broad, obovate to

rounded, slightly spinose. Maturity late.

Type 12.—Plants intermediate in height, about 120 cm. high. Leaves green,

serrate and slightly incised at places towards the base. Bracts obovate to rounded,

slightly spmose. Inner bracts very short. Maturity intermediate.

Type 13.—Habit erect. Plants tall, about 155 cm. in height. Leaves light

green, dentate towards the top and incised towards the base. Maturity late.

Type 14.—Plants tall, about 150 cm. high. Bracts obovate to rounded or

elliptical to rounded, slightly spinose. Flower buds deep yellow with a led dot
at the apex. Maturity intermediate,
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Type 60 .
—^Habit erect. Plants intermediate in height, about 110 cm. high.

Leaves dark green, serrate, 18-25 x 6-7 cm. Bracts obovate to rounded, very

large in size, ‘felted and white, and with a few short spines. Flower buds yellow

with no red dot at the apex. Florets yellow, turning to red on fading. Maturity

intermediate.

V. Bracts spineless, outer lanceolate, inner smooth and green .

{a) Florets yellow, turning to red on fading

Type 29.—Plants intermediate in height, about 105 cm. high. Flower buds

deep orange yellow, with an apical red dot absent or very faint, but with distinct

red streaks or red splashing on the sides. Maturity early.

Type 3^?.—Plants intermediate in height, about 125 cm. high. Leaves serrate.

Flower buds deep orange yellow with an apical red dot very faint or absent.

Maturity intermediate.

Type 31.—Plants short, about 95 cm. in height. Flower buds deep orange

yellow with an apical red dot very faint or absent, but with red streaks on the

sides. Similar to Type 29, except in the habit and height. Maturity inter-

mediate.

Type 32.—Plants short, about 100 cm. high. Flower buds orange yellow

with distinct red streaks on the sides. Maturity early.

Type 33.—Plants short, about 100 cm. in height. Flower buds orange •

yellow with distinct red streaks. Maturity early.

Type 31.—Plants short, about 100 cm. in height. Flower buds deep orange

yellow, with distinct red streaks. Maturity intermediate.

VI. Bracts spineless, obovate to bounded, inner felted and white

(a) Florets white

Type 61.—Habit erect. Plants intermediate in height, about 120 cm, high.

Leaves dark green, incised, 16-19 X 4*5-6 cm. Bracts obovate to rounded,

felted and white, comparatively very few in number and very small in size, and

spineless. Flower buds and florets white, turning to dirty white on fading.

Maturity early,

(b) Florets yellow, turning to red on fading

Type 11,—Plants tall, about 145 cm. high. Leaves dark green, serrate.

Bracts obovate to rounded and spineless; Maturity intermediate.

Type 62.—Habit erect. Plants intermediate in height, about 120 cm. high.

Leaves green, incised, 25-30x6-7*5 cm. Bracts elliptical or obovate to

rounded, felted and white, and spineless. Flower buds yellow, with no apical

red dot. Florets yellow, turning to orange red on fading. Maturity late.
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(g) Florets deep red

Type 17 ,—Plants tall, about 165 cm. high. Bracts obovate to rounded®
' Maturity intermediate.

Type 63.—Habit spreading. Plants intermediate in height, about 110 cm.

high. Leaves green, incised, 20-25 X 5-6 cm. Bracts obovate to rounded, felted

and white, spineless. Flower buds deep red, with yellow tips. Florets orange

red, turning to deep red on fading. Maturity intermediate.

Summary

L The work of the previous investigators on Indian safflower

iinciorius L.) has been reviewed.

2. The crop as a whole has been classified into types on the basis of

distinctive characters.

3. A key to the types is worked out.

4. Twenty-nine new types have been added with short diagnostic notes on
each.
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' l3srTRODiroTi05?r

The question of increasing the growth and sucrose content of canes has been

engaging the attention of scientific agriculturists since along time and a good

many measures have been advocated towards the initiation of a profitable

sugarcane cultivation. One of the most common practices in this direction is th6

pre-soaking of canes in water under completely submerged conditions for varying

durations of time which not unoften results in increased and rapid germination

of the buds followed by an early establishment of the plant.

The experiments performed during the previous years on the physiologj^

and chemistry of sugarcane at this Experiment Station gave encouraging results in

this regard, and conclusive evidence was forthcoming in favour of the possibilities

of increasing the sucrose content and growth of canes. Among the many
treatments which accelerate germination and growth, the soaking of canes

in solutions of varying hydrogen-ion concentrations has been one. To the elucida-

tion of the results obtained in this connection the present paper is mainly devoted.

The cane variety used for experimentation is the well-known Go. 331 which has

been fullv adapted to the conditions ofthe experimental farms at this Experiment
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Station tor a nimil er of years. The choice fell on this variety of cane as it pronded a

tall, erect stem of more or less uniform diameter having long internodes. Canes

' of the same age and developmental stage are selected and discarded to the extent

of one-third each way while the. remaining one-third middle portion of more

or less uniform sugar content is selected for experimentation. From this are cut

setts of onifoim diameters and fresh weight, eight inches in length mth a single

eye in the middle. Special care is taken to discard injured setts and eyes, as well

as to standardise as far as possible the size and condition of the buds so that any

difference on this account might not vitiate subsequent analysis of the data.

The variation in the pH value is brought about by the use of Merck’s normal

hydrochloric acid and caustic soda solutions which are diluted to yield the desired

pH. Following are the concentrations used with their respective pH values :

—

Hydrochloric acid

N/lOO . . . pH 2

iV710,000 . . . pH 4

27/1,000,000 . . pH 6

Sodium hydro.xide

-27/100 . . . pH 12

27/10,000 .
. pH 10

27/1,000,000 . pH 8

For varying the hydrogen-ion concentration buffer solutions could not be
used, as all of them are composed of a number of different chemicals. In
consequence it becomes difficult to judge whether the observed effect is due
to the alteration in the hydrogen-ion concentration or to the changed concentration

of the salts used. As the reaction alters after a certain period of contact between
the solutions and cane setts, the liquid is frequently changed. The temperature

during steeping is maintained exactly at 15°0.

After the allotted period of twenty-four, forty-eight and ninety-six hours
the setts are taken out of the solution, thoroughly rinsed with tap water and
allowed to grow in earthenware vessels after Venkatraman [1924] with necessary
modifications, the nutrient media used being water. The control sett direct

from the field is also allowed to grow side by side in the same manner.

The germination rate of both sett roots and buds as well as their sugar content
are recorded. The germinated seedlings are harvested after a period of two-and-
half months after sowing and their final dry weight is determined. An average
of a large number of canes from each pH is used to allow the biometrical treatment
of results. Sugar is determined at three distinct stages in the life-cycle (^) when
the sett roots sprout, (u) when the buds germinate, and (in) at harvest. A random
sample of ten setts is taken out, 1| inches from both the ends rejected and the
rest crushed to get the juice. This is done in duplicate and in setts whore the
difference between the two samples is significant, analysis is extended to fresh
ones.

The modified picric acid method is adopted for the determination of the
reducing sugars and sucrose [Willaman and Davison, 1924]. Calculation is made
according to the corrected table given by these authors.
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Experimental results

A. GejTMindtioifi eneTgy of sett roots and buds

Three criteria have been adopted for determining the best germination energy.

They are (a) early start, (6) early attainment of a high maximum and (c) early

completion of the process. A study of the curves (Kgs. 1 and 2) representing the

percentage of setts showing germination on the various dates indicates that the

differently trea ted setts differ in all these -respects.

_ „ 4^
96

Fig. 1. The germination energy of (»tt roots in the differently treated setts.
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15 17 B 11 m IS, . 27 ,^ ; 33~i?
Doim

Fig. 2. Gecrminatioii energy of buds
hours* III 96 hours.

in the differently treated setts. I 24 hours,
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Germination of sett roots in some of the treated canes starts nine days after

sowing and extends in certain eases up to the twenty-first day.^ A comparative

study of the rate of germination in the light of the above-mentioned criterion for

the different periods of treatment, i.e., twenty-four hours, forty-eight hours and

ninety-six hours indicates that the canes treated for forty-eight hours germinate

earliest on the ninth day in five hydrogen-ion concentrations out of six, the

exception being at the extreme alkaline side. Next to this come setts treated

for twenty-four hours. The superiority of forty-eight hour treatment is

also indicated by the early attainment of a high maximum. Setts treated at

pH 8 and 10 attain the maximum on the third day after the start; the fornmr

comes to a value of 62-5 per cent, the highest record on a single day, while the

value for the latter is only 40 per cent. Maximum on the 5th day after the start

is shown by the setts treated at pH 4, 6 and 12, the values attained being 62 o,

40, and 30 per cent respectively. From this point of view also ninety-six hour

treatment comes last with the highest maximum of 32-5 per cent in pH 8. As

to the rapidity of finishing the process, the twenty-four hour and ninety-six

hour periods decidedly lag behind the forty-eight hour, as in the majority of

the cases the process comes to an end as early as the thirteenth day.

As to the comparative effect of the different hydrogen-ion concentrations

the best germination energy is found to be displayed in all the three perio(fe by

the canes treated in hydrogen-ion concentrations near about neutrality. Thus

for the forty-eight hour period the highest maxiinum 0^2-5 per cent is shown

by pH 8. The same for twenty-four hour period is noticed at pH 6.

A cent per cent germination occurs in the twenty-four and forty-eight

hour periods. The germination percentage in the ninety-six hour period is low

in comparison to the previous ones which clearly indicates the harmful effect m

this prolonged period of treatment. Out of the total canes in each case in pH

2—80 per cent, pH 4—67-5 per cent, pH 6—87-5 per cent, pH 8—97-5 per

cent, and pH 12—77 5 per cent showed germination.

The control starts with a value of four as late as thirty-four days after sowing

and its germination energy is also poor with a maximum of only thirty per cent

towards the middle. It is interesting to note in this connection that germination

of sett roots in all the treated ones occurs twenty-four days prior to the control.

In the case of buds the germination starts one week after the sprouting of

sett roots. Unlike the sett roots the best germination energyds displayed by

setts treated for twenty-four hours. In this period out of six hydrogen-ion

concentrations five indicate sprouting on the seventeenth day. In the forty-

eight hour period of treatment only pH 6 sprouts on the third day while the rest

are delayed up to the nineteenth (pH 8) and the twenty-first days. The bud

germination in ninety-six hour period of treatment closely corresponds to

the sett root germination and indicates the deleterious effect of this prolonged

period of soaking. The germination starts very late and in certain cases occurs



)r sucrose and reducing sugars (Fig. 3) indicate that in aU the
sucrose value falls from first to the last stage. The widest fall
setts treated for twenty-four hours and is followed by those
eight and ninety-six hours, respectively. As to the relative
carose conversion among the variously treated setts a close ex-
curves will reveal that in the majority of oases they possess a

middle, that is, near about the neutral point. Except the first
: hour penod the alkaline extreme shows a greater presence of
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pH fdn^^

Fig. 3. The values of sucrose and reducing sugar contents
^

of the differently treated

setta during Ai—-bud germination stage. B—sett-root germination stage^ and C—harvest

stage. I Sucrose. II Keducing sugar. Top row—96 hrs. treatment ; middle row—48 lirs,

treatment; and bottom row—24 hrs, treatment.

The values obtained for glucose in majority of the cases run parallel to the

sucrose and shows a minimum value where there is less sucrose. As to their

production there is not much difference between twenty-four hour and forty-

eight hour periods but the ninety-six hour period stands distinctly from them.
' K
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Here for all the stages the reducing sugars show a clear accumulation. A high

accumulation of glucose, is also noted in the third stage of all the different periods

of treatment in both extreme acid and alkaline sides.

The rate of conversion of sucrose is more rapid when the period oftreatment is

short. There is not much regularity about the glucose but a study of the longer-

treated settw (S6 hours) indicates that a higher accumulation of this substance

may be due to a long period of treatment.

The sucrose consumption is more in setts treated with neutral solutions than

the setts treated with either higher or lower pH. The reducing sugars also, to a

certain extent, run parallel to the sucrose and there seems to be a relatively high

consumption of this substance in setts treated in solution which were near about

neutrality. In treatments ranging over a very long period a greater accumula-

tion of sugar is noticed towards the extreme acidic and alkaline sides.

- - 0 , Production of d^y matter

Roots .—The beneficial effect of soaking becomes quite evident when we study

the dry matter production. A reference to Fig. 4 indicates that except pH 4
of niuety-six hour treatment all others give a better dry matter output than the

control. Of the three periods, forty-eight hour series show a marked superior-

ity to the rest, while the ninety-six hour sett occupies the lowest position as

usual. The dry weight increases from the extreme acid side, attains a maximum
at pH 8 and then comes down up to the end. A fall is noticed at pH 6 of the

shorter period. The nature of the curve in twenty-four hour period is different

from others. Here the readings start with a low value, increase up to pH 6, after

which they remain more or less constant up to pH 12, The decrease in the output
of dry matter towards the acid side does not appear to be due to an over-dose as
a prolongation of this period to forty-eight hours appears to be beneficial as

indicated by an increase in dry weight.



Eig. 4. Dry matter output of the shoot aud root obtained from differently treated
setts.

I 24 hoiirs. II 48 hours. Ill 96 hours.
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It is mteresting to note tliat maximum dry matter production in all the three

periods is continued to pH 8, (48 and 96 hours) and pH 6, (24 hours)—the

hydrogen-ion concentrations which were found to give a better germination

energy.

Buds,—^Th© dry matter output of buds is found to decrease with the increase

in the period of treatment. Thus all the setts treated for ninety-six hours give

the lowest dry matter which is even lower than the control. In the case of the

buds also the readings start from a low value on the acidic side, attain a maximum

at pH 8 in forty-eight and ninety-six hours and at pH 6 in twenty-four hours and

gradually fall down towards the allralin© side. The increase in dry matter over

the control due to stimulation is significant. At pH 6 of twenty-four hours

which gives the best growth of all the treated setts the dry matter output is

19 *82 d: 0*231 grm., while that of the control is only 9*24 d: 0*104 grm. The

increase over the control is 114* 8 per cent.

Disotjssiok

The relation of germination vigour to the production of dry matter

A higher dry matter output is found to be associated in majority of the cases

with a higher germination energy. For example the setts which are treated for a
period of twenty-four hours give a lower dry matter output of roots than the

setts treated for forty-eight hours. As to germination energy, the former gives a

maximum in majority of cases four days later than the forty.eight hour treat-

ment. The pitch of the maximum is much lower in the case of twenty-four

hour treated setts than in the forty-eight hour treated ones to which reference

has already been made in the previous pages. Ninety-six hour treated setts give

the lowest dry matter output and a poor germination.

The effect of germination energy on dry matter output is found to be evident
even when the setts treated at various pH values are compared among themselves.

For example pH 8 in forty-eight hour period possesses the best germination
energy as revealed by a value as high as 62- 5 per cent attained two days after

germination. In the case oftwenty-four hours also the best germination energy
is noted in pH 6, 8, 10 and 12 all of which give nearly equal dry matter
production. In the case of ninety- six hours where the majority of the curves
are offlat nature a definite maximum is shown at pH 8 which also gives the
highest dry weight output.

The same appears to be true to an equal extent of bud germination. As
regards the dry matter output in this case, twenty-four hour period in all its pH
ranges is found to have better performance than forty-eight hour which, in its

turn, is better than the ninety-six hour. As far as germination is concerned
excepting pH 8, in all the oases the twenty-four hour comes prior to forty-eight
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tour Mglier. duration treatment. In ninety-six hour period tlie maxima
are invariably late when compared with shorter periods and also the starting of

germination is nearly a week behind as already mentioned. Thus these facts

seem to indicate that germination energy and subsequent growth, as represented

by dry weight, go hand in hand.

Attention may be drawn to the observations made by Tineker [1925] in this

connection. From a synopsis ofthe experiments described by the authoi it appears

that a definite correlation does exist between the vigour of germination and the rate

of subsequent growth in the case of oats. Such relationship has also been demons-
trated by Kondo for rice [1923] in conformity with our own results discussed above.

Increment in the dry matter output due to treatment

As a result of pre-soaking treatment there is an apparent increase of 114*8

per cent in dry matter of the shoot over the coxitrol, and this occurs in the case of

setts treated inpH 6 in twenty-four hour period of soaking which has shown the

best growth among all the other treatments. The dilference has been found to

be statistically significant. This result is highly encouraging and if this can be

maintained under field conditionswithoutany appreciable decrease in the sucrose

content and other desirable qualities, it will constitute a substantial advance in

the sugarcane industry.

Similar increased growth due to chemical treatment has been observed by

many other workers. Gleisberg [1924] noticed that the vegetative growth of

radish was increased up to 364 per cent when the seeds were treated in fifteen per

cent magnesium chloride and magnesium sulphate. He also noted a doubling of

yield in seeds treated with distilled water. Extensive work on the effect of chemi-

cals upon hastening germination and increasing the yield has been carried out by

Denny [1926 ; 1 , 2] who found best results from treatments with vapour of ethylene

chlorhydrin and solutions of sodium and potassium thiocyanate. The treated

tubers showed cent per cent germination and in a period of two months the plants

were two feet high with a formation of tuhers, while the control ones did not

appear above the ground. On the other hand Smith [1930] working with

wheat came to the conclusion thatnone of the treatments used by this author

proved to be highly stimulative to growth. The failure in getting an increased

growth is most probably due to the fact that the author confined himself to a single

treatment and a single concentration with each of the chemicals. The works of

Denny [1926 ; 1, 2] and his co-workers have clearly indicated that there are parti-

cular optimal periods and concentrations of treatment for the different crops

worked upon. The optimum concentration has also been found to vary in the

case of different varieties of the same crop.
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Eelation of sticrose and reducing sugars ‘present in the mother sett to

fgrowth

An interesting point in the observation so far recorded is that the maximum -

growth of buds and sett roots generally occurs in setts which have been treated

for the various periods in solutions the reactions of which are maintained slightly

above or below neutrality. In order to understand whether the conversion of

sucrose to glucose hUvS got anything to do with increased growth or not, it is

necessary to go back to those data which have already been referred to (Fig, 3).

A study of the glucose and sucrose readings seem to indicate that wherever there

is higher growth, both reducing sugars and sucrose values are relatively low.

For example the sucrose values of twenty-four hours during all the three periods

of analysis are low when compared to forty-eight hours. Forty-eight hour in its

turn shows readings lower than those of ninety-six hours where minimum growth

occurs. When an inter-comparison of setts at various pH values for the same period

is made, the minimum sucrose is found to occur in setts treated with pH 8 where

the growth is also the highest. The low sucrose content in case of setts where

high growth prevails can he explained on the basis that at such an early stage

when the offspring are not yet established independently, it is the conversion of

sucrose which supplies the respiring and tissue-forming materials. Hence

increased growth requires a greater amount of these growth materials and an
equal amount of drain on the reserve sucrose material. This naturally seems to

be the reason for the low sucrose value obtained in such vigorously growing canes.

It is interesting to note that the value of glucose is relatively low where a

consumption of sucrose exists. This seems to be quite natural as the reducing

sugar value, that is obtained during any period of analysis? is essentially the

difference between the amount ofit formed from sucrose and the amount used up.

High rate of growth leads to high consumption of these reducing sugars and most
probably for this reason the balance is low.

The storage material being mostly sucrose in sugarcane it may be expected

that a greater conversion of sucrose to reducing sugars which forms the suitable

substrate for the germinating buds and sett roots should occur in the setts which
are soaked in solutions of more acidic nature and that they should give earlier and
better growth as compared to control, hut on the contrary the best growth is not
seen in such treatments. ^

^

^

^

^

^

^

^

In order to understand whether the sucrose conversion is brought about by
some change in the reaction of the juice ofthe mother sett, a reference is made to a
record of the hydrogen-ion concentration of the differently-treated setts. These
records are taken only for the first period of analysis by the quinhydrone electrode.

A perusal of Table I clearly reveals that the hydrogen-ion concentration varies from
6 * 412 to 5 * 583 and that there is no regularity as to their order and arrangement
in relation to high sucrose conversion.
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T ABLE I

pM value of the sap extracted from the mother setts at the sett-root germination stage

Setts treated at

pH 24 hours 48 hours 96 hours

2 5'471 5*518 5*496

4 5*498 5*480
,

5*412

6 5*467
1

5*583 6-483

8 5*516 5*502 6-659

10 5*441 5*498 5-442

12 5*492 5*529 6'537

Control 5*465

In pH 6 and 8 of twenty-fonr hours, where growth and sucrose conversion are at

the maximum, the pH values are 5*467 and 5*516, but these seem to be almost

similar to the pH value of the setts treated at pH 2 where the growth and sucrose

conversions are at minimum. The same seems to be the case with forty-eight

hour and ninety-six hour periods also. It appears that the reaction of the sap has

not much to do with the increased growth and sucrose conversion.

The exact mechanism by which the enhancement of growth occurs still awaits

investigation and it may, be found in other aspects of the metabolism of the

stimulated individuals.

StJMMABy Ann OONOLUSIONS

The present investigation is an attempt to study the effect of pre-soaking of

sugarcane in solutions of different hydrogen-ion concentrations upon germination

and growth of seedlings. The following observations are recorded :—(i) germina-

tion energy of sett roots and buds, {ii) march of glucose and sucrose contents

in the mother setts, (Hi) the hydrogen-ion concentration of the juice and (it?) the

dry-matter output of both sett roots and buds when harvested two and a half

months after sowing.

The differently-treated setts are found to vary both as regards germination

energy and dry-matter output. There seems to exist a positive correlation

between the two. The maximum growth is found to occur at pH 6-8* The best

result is obtained for the sett*root growth in forty-eight hour treatment, while that



four hoars. Thus the sett roots and buds are found to be stimulated differently
by the treatment. All the treatments, except that ofninety-six hours, have shown
an increase in the production ofdry matter over the control. In pH 6 of twenty-
four hours duration the increase is up to 114-8 per cent.

The sugar-analysis records indicate a greater conversion ofsucrose into glucose
and also a greater consumption of the latter under treatments which give the best
growth.

Contrary to expectation tliis greater conversion occurs near about the
neutral side of the reaction. The records of the hydro^n-ion concentration
indicate that the difference in the behaviour as to the sucrose conversion in the
differently-treated setts cannot be explained on this basis. No correlation is
found to exist between the two. It is suggested that the exact cause of
stimulation should be searched in other aspects of the mfitabeHarr,
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(With Plates XXXRXXXIII)

Iktbodtjction

The Burmese have recognised for a long time that there are two distinct

classes of sesamum which they distinguish by the names Hnanyin and Hnangyu
indicating that the former class are for growing during the monsoon and the latter

class during the cold weather. In Burma it has been customary to designate these

two classes early ’’ and late in English irrespective of what the life-period

may be [Rhind and Ba Thein, 1932], The ‘‘ early ’’ class are usually sown from

April to the end of June and are harvested in August or September though they

can be sown as late as October. If, however, they are sown late, the growth is

curtailed and yield suffers. The lates are sown from September to October

and harvested in December or January. If they are sown in the ‘‘ early season,

growth is rank and coarse but flowering is either entirely suppressed or the flowers

are abnormal and fail to set fruits.

Rhind and Ba Thein [1932] have shown that the late character appears

to he a simple dominant over early

EpFEOB of sowing bate on ‘"late SESAMIT

In 1934 two types of late ’’ sesamum were sown in field plots at Mandalay
(Lat. 22®IS[.) at weekly intervals commencing on 15th June. The types were

Boktaung L Bl-SB, a long-lived type, fully branched, with four-locular, solitary

capsules and brown seed, and Thadunhyu L 31-12, a short-lived, unbranched
type with four-locular, solitary capsules and white seed. The results are

summarised in Tables I and II.

'

. Xj

( 729 )
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Table I

Effect ofsowing Boktaung L 31-33 on various dates

[V. VI

Sowing date Date of 1st gland Date of 1st flowei Fruit
i

i

i

i

Sepaloid
plants
per cent

Total
Xo. of
plants

Hours
of
day-

light
at

sowing
date

Xotes

I I5th June 1934 12th Sep. 1934 mi mi 32 147 13*28 See (1) be-
low.

II 22nd June 1934 27th Sept. 1934 Few 30 131 13*28 Do.

III 29tli June 1934 ” 27th Sep. 1934 Few 24 166 13*28 See (2) be-
low.

IV 6th July 1934 ” 12th Oct. 1934 Many 24 154 13*26 See (3) bel-
low.

V IStli aTuly 1934 27th Sep. 1934 ,, Many 16 233 13*26 Do.

VI 20th July 1934 „ Many 10 282 13*18

Til 27th July 1934

1

Many

1

4 ' 192 13*14 See (4) be-
low.

VIII 3rd Aug. 1934 6th Oct. 1934
1

Many 1*5 269 13*08 See (5) be-
low.

IX 10th Aug. 1934
,

... Many 9-5 288 13*02 See (6) be-
low.

X 17tli Aug. 1934 12th Oct. 1934 Many I’l 260 12*56 See (7) be-
low.

XI 24th Aug. 1934 X2th Oct. 1934 Many 0-0 12*48 Do.
XII 31st Aug. 1934 Many 0*0 12*40 Do.
XIII 7th Sep. 1934 Many 0‘0 12*34 Do.
XIV 14th Sep. 1934

. .... Many 0*0 12*26 Do.

0* plot on 27th Septemher (104 days from sowing) was tail, rank niants

S 1 LlinrefsmarhT “n
“ the uppermost foot (top-Uching. BiateS,

ef
branches were bearing flowers hut setting very few capsules. Plants which showedscpaloid growth a month ago^ now bearing apparently normal flowers^

but bv 27th Sent^w'rafT^
top-branching but less pronounced than I and II. There was some sepaloidy

faibdtosetfndts Sotoa 1

“ tew apparently normal flowers were produced though they

tathttrfy ftegi
produced normal growth after having shown the sepalold condition

becaS^S'^r Partofthellfe-perlod. Flowering and fruiting flnaUy

in this case cannot be explained. >

^ ^ ^ ^ percentage

C7) formal growth.



Fig. 1. Late variety Boktaung L31-33,

sown 22nd August, photograplied 28tli

September, showing top-branching. The

plant on the right is commencing to bear

normal flowers at the top.

Ind. J. Agric, ScL, Vol. 5, Part VI ]
PLATE XXXI

Fig. 3. Late variety BoMaung L31-33,

sown 6th July, photographed 12th Sep-

tember, control (left) and after 70 hours

extra darkness.

m
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Table II

Effect off sowing Thadunbyu L 81-12 on various dates

Sowing date Date of 1st flower Fruiting
Sepaloid
plants
per cent

Total I

Xo. of
plants

Hours of
day light
at sowing

Xotes

I IStli June 1934 12th Sept. 1931 Few 100 13*28 Seed)

II 22nd June 1934
1

mi 100 13*28
below.

III 29tb June 1934 12tli Sept. 1934 Nil 99 13*28

IV 6th July 1934 Ditto Few 98 13*26
,

V 13th July 1934 Ditto Few 75 127 13*26 See (2)

VI 20th July 1934 Ditto Few 67 127 13*18
below.
Do.

VII 27th July 1934 14th Sept. 1934 Few 50 80 13*14

VIII 3rd Aug. 1934
|

14th Sept. 1934 Few 41-S 189 13*08

IX 10th Aug. 1934 27th Sept. 1934 Few 41-2 U9 13*02

X 17th Aug. 1934 27th Sept. 1934 Many 35-4 133 12*56

XI 24th Aug. 1934 27th Sept. 1934 Many 11-1 224 CO

XII 31st Ang. 1934 Gth Oct. 1934 Many 2-8 211 12*40

XIII 7th Sept. 1934 IVIany 22*9 227 12*34 Bee (3)
below.

XIV 14th Sept. ip34 Many 21*2 250 12*26

(1) There is some doubt whether this line is pure. There were scarcely any fruits matured and all plants
showed the sepaloid condition,

(2) Practically all plants were sepaloid in the early stages but many recovered and formed a few capsules.

(3) The increase in percentage of sepaloidy in the last two sowings is not understood.

In the case of Bolctaung the sowings prior to 3rd August developed abnormally

with few flowers or axillary glaii ds until late in the season when sparse flowering and
fruiting with much phyllomania (sepaloidy) occurred. Sowings after the 3rd

August developed normal] 3?” with good fruiting and little or no sepaloidy. The
demarkation between the heavy vegetative growth and normal growth was, of

course, not sharp, but 3rd August marked the approximate boundary between

normal and abnormal growth. Plants which produced sepaloid growth in the early

stages frequently produced normal flowers and fruits later in the season. It is

noteworthy that with the exception of the sowing on 10th August there was a

continual decline in the percentage of sepaloid plants (recovered plants were

recorded as sepaloids) . Further, in the sowings of the short-lived variety Thadun-^

hyu oii 7th and 14th of September there was also a rise in the sepaloid percentage.

There may have been some climatic cause, but irone could definitely be ascertained.

In the case of Thadmbyu there was some indication of impurity and the

distinction between the heavy, rank growth of '' lates ” sown too early and normal

growth was not always clear. But it is clear that early sowings lead to excessive

vegetative growth and much sepaloidy. Sowings from 10th August onwards gave

a large number of normal plants*
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Effect of redtjcing the hohes of day light

On the 9th July certain plants selected at random growing in the plots sown

on 15th June were covered with large flower-pots from 3-30 f.m. to 6-30 A.M.,

thus reducing the normal period of daylight by about four hours. The treat*

ment was discontinued on 19th July when a total of forty hours extra darkness

had been given. The following effects were noticed :

—

l9th July-—Varieties Boktaung and Thadunbyu. Covered plants three

inches taller than the uncovered.

26ih July-—Boktaung

:

Covered plants three to five inches taller than

the uncovered. Bearing axillary glands and flower buds up to

0*25 in. across. Uncovered had no glands or buds.

Thadunbyu : Covered plants up to six inches taller. Axillary

glands and buds well formed, the latter up to | in. long.

29ih July-—Thadunbyu : Covered plants in flower. Flowers appear

normal. Uncovered not showing buds or axillary glands.

SOih July-—Boktaung : One covered plant with one flower open. Un*
covered show neither buds nor glands.

10th August-—Thadunbyu i Covered plants flowering and setting fruits.

Flowering slowing up as the effect of the treatment appears to be

wearing off.

Boktaung : Covered plants flowering but only one capsule

set. No buds on untreated plants of either variety.

17ih August-—Thadunbyu : Covered plants flowering and fruiting. Some
plants sepaloid. Upper leaves lanceolate, entire. Some untreated

plants flowering ; no fruits set. A few upper leaves broad, lanceo-

late but mostly tripartite. Some sepaloid.

Boktaung : Covered plants flowering. One capsule set.

Upper leaves lanceolate, entire. None sepaloid. Untreated

show no buds or glands. Upper leaves tripartite, serrate.

From these observations it is seen that the small amount of extra darkness

given, amounting to about four hours per day, was sufficient in ten days to induce

flowering and to bring about the formation of the narrow lanceolate type of leaf

usually found on the upper parts of flowering sesamum plants. The treatment

was not continued beyond the ten days and the plants later reverted to the rank

vegetative type of growth.

In a second experiment on the Boktaung variety sown on 6th July varying

periods of extra darkness from ten to seventy flours in all were given. Speci-

mens of these treated plants and of the control are shown in Plate XXXI,
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figs. 2 and 3. The treatments were commenced on 2nd August and on the

11th September the following notes were made
a hi i

C/ojifroL—Very coarse, rank vegetative growth. Leaves large. Stem thic ,

branched. Minute glands and flower buds discernible on some

plants.
^

Ten hours,—Tall, rank. Upper leaves ovate or ovate-lanceolate, scarce y

entire. Glands and very small flower buds formed.

Twenty hours.—Rank growth, tall, branched, stem tMck, leaves large,
upper

leaves broad-lanceolate. Glands and small flower buds formed at

apex.

Aoitrs.—Same as twenty hours.

Forty ^owrs.-Plants branched ;
growth rather coarse, stem thick, foliage

coarse. Glands and flower buds formed at apex but not opened.

Fifty, sixty, seventy hours.-Fh.x,U shorter than
^

controls.

^
MoLring. Some capsules about half developed. Upper leaves

lanceolate. Plants have general appearance of growing normally.

The increasing effect of the longer periods of darkness is well shown. The

experiment was repeated on the same variety sown on 27th July with the same

''''' It'is clear that when the “ late ” class sesamums are grown undm- long days

they tend to produce excessive vegetative growth while reproduction is suppressed

oSered aCrmal. If the days are artificially shortened, flowermg is induced

and also the other changes, such as gland production and alteration in the shape

of the upxjci’ leaves.

Effect of lengthening- the light-pbbiod on

GBOWN UNDER SHORT DAYS

‘late’’ sesamum

In order to test the above results further, a series of pots was sown on 22nd

September with the following four varieties of “ late sesamums and our

varieties of early sesamunis

Lates

TJiaditnhyii L 31-12 . ^ -

CJiauJdahnan L 31-18 . * •

Boktaung L 31-33 . • •

Hnanni-ggi L 31-50 .

Eo>rlied

SMthmyaung E 25-187

Hnan-net E 21-11 • * •

Thadunbyu E 26-136 * •

Palestine Northern Plain E 34-72

Pot Nos.

1-19

20-3S

39-59

60-78

79-89

90-102

103-112

113-120
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The germination was good. There was some trouble with damping-off
but one spraying with | per cent Bordeaux mixture stopped this. The seedlings

were thinned out to two per pot. The pots were arranged in sets of four of each
variety in the form ofa 4 X 4 Latin square under 75-watt, gas -filled lamps calculated

to give an average of 6 * 7 foot candles at the soil surface. Extra electric light was
given from sunset for two, four and six hours to three sets of the '' iates

’
’ and for

four hours to one set of the“ earlies commencing on 6th October when the
plants were fourteen days old. There was a failine of the lights on 9th October
due to a short circuit but at no other time. The longest extra dose of light, six

hours, is only approximate as the switching off of this series was done by the night
watchman, the lamp being on the local street-lighting circuit. It is nevertheless
approximately correct. The extra illumination affected both growth and
reproduction, which will be dealt with separately*

Growth {'Iates').—^The effect of extra illumination is to reduce growth in
height, the effect increasing as the extra period of electric light is increased (Plates

XXXII and XXXIII). The plants under four and six hours extra light did not
produce the narrow lanceolate upper leaves but only tri-lobed, serrate leaves.

They were paler in colour than the controls.

Measurements of heights were made weekly but only the final measurement
made on 12th November need be reproduced here. The average heights then
were

Control

Two hours .

Four „ .

Six „ .

The diifereaces betweeii each treatment and the control are all significant
(P<0 • 01) though inter-treatment differences are not significant. Nevertheless,
when the plants were arranged in order of increasing periods of illumination there
was, with few exceptions, a steady decrease in height as the time of illumination
increased. Inter-varietal differences,^ though considerable in some cases in the
two-hour treatment, were not reliable.

Reproduction {‘Iates').—The controls commenced to flower on the 23rd
October in the case of Thadunbyu and Ghauklahnan (short-lived) varieties and on
6th November in the case of Boktaung md Hnanni-gyi (long-lived) varieties
Flowering and fruiting proceeded hormally

; there was no sepaloidy and the plants
were ripe about the 10th December.

’ ^

Of the treated plants only one variety, Thadunbyu L 31-12, flowered The
ffowering was irregular and only eleven out of the total twenty-four treated
plants flowered. These set four capsules. The flowers appeared on various
dates between the 25th October and 10th December. The other three varieties

43-57 cm.

28-66 „
24-78 „
22-38 „
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] PLATE XXXII

From right : control, 2 hours, 4 hours andFig. 1. Late variety Thadunhyu LSl-12.

6 hours extra light.

Fig. 2. Late variety ChauJdaJman L31~18. From right : control, 2 hours, 4 hours
and 6 hours extra light.
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did n,ot produce a siugle flower and the plants finally died towards the end of

December. There were glands and small flower buds developed in a few cases on

the two-hour and four-hour sets but they failed to expand.

The effect of artificial long days, even with the low intensity of light

employed, was very marked and clearly shows that the Hnangyi late class

are only capable of normal growth and reproduction under relatively short days.

At the latitude of Mandalay the mean time of exposure to light (day light +
electric light) for the period from 24th September (date of germination) to the

30th November was

Hours Minutes

Controls , . . . 11 22

Two hours . . 13 1

Four hours . . 14 40

8ix hours « * . 16 18

(The extra illumination was given for a total of fifty-six days from 6th

October).

The additional one hour 39 minutes given to the tv/o-hour series on an

average over the fifty-six days from 6th October to 30th November had a

pronounced effect, completely suppressing flowering except in one variety and

even in that case greatly curtailing it and permitting only a few fruits to [set.

The average length of day during the normal early ” season from 15th June

to 31st August is thirteen hours eleven minutes and under a day of this length

the behaviour of ‘‘
la,tes ” is quite in accordance with that of short-day plants

described by other workers, e.g., Garner and Allard [1920], Tinckier [1925 ;

1928], Adams [1923] and McClelland [1928]. It may be mentioned that Piisa

Types 5, 17, 25, 26, 27, 28, 29 and 30 have been found to be short-day varieties

when grown in Burma.

Growth (' earlies ’).—The mean heights of the plants receiving four hours extra

electric light was 43*15 cm. and the controls 44*35 cm., the difference being

insignificant. Both series grew and fruited normally and produced the usual

lanceolate top leaves.

Beprodmtion (‘ earlies ^).—The dates of opening of the first flower were

considerably delayed by the extra period of illumination. All plants of the same
variety did not flower on the same day and the dates given below are those for the

majority of the plants of each variety. The Palestine Northern Plains variety in

particular was irregular in its flowering :—

Shithniyaung E 25-IS7 .

Hnan -net E 27-47 ,

Thadunhyu E 26-lS(}

Palestine N. P. E 34-72*

Control

18th October

22nd

20th „

19th^27th Oct.

Treated

22nd October

10th November

31st October

23rd Oct, to 3rd

November
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The extra Uumination has delayed the opening ofthe first flower from four to

nineteen days, the delay being greatest in the case of the longest lived variety,

HnaU’-nd. There was no sepaloidy and the plants fruited normally.

Summary

The so-called ‘'late’’ sesamums (Burmese Hnangyi) typical short-day

plants which only grow and reproduce normally under days of about twelve hours

or levss. An extension ofthe light period to thirteen hours causes abnormal growth

and suppression of flowering.

The early ” sesamums (Burmese Hnanyin) are not restricted to any parti-

cular day length and are able to flower and fruit under either long or short days
though growth and yield are best under long days.
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LIFE-HISTORIES OP SOME INDIAN THYRIDIDAE
(LEPI DOPTERA)
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B. B. BOSE, B.Sc. (Alld.),

Assistant to the Imferial EiOcmologiat, Imperid InslitvJte of Agricultural Beaearch,

Pusa

(Received for publication on 18th May 1935)

(With Plates XXXIV-XXXVI)

Introduotiok

The family Thyrididae is closely allied to the family Pyralidae, so much so,

that even trained entomologists are likely to be misled about the exact identity

of the larvae and sometimes of the adults of these two families. The moths of

the Thyrididae are also likely to be mistaken for those of the Geometridae. The

Pyyalid larva forming galls on the twigs of Phyllanthus emblica/^ referred to

by Misra [ 1919 ] is most probably the Thyridid larva Betousa stylophora Swinh.,

because so far this is the only species which is known to form galls on this plant

at Pusa.

The working out of the life-histories of the species belonging to this family

involves special effort and that is probably the reason that the detailed life-history

ofnot a single species was known up till 1925, in which year the writer was success-

ful, after repeated failures, in rearing the adults of one species, viz,, Betousa stylO’^

Swinh. and later on, of the other species, viz,, Rhodomura loceusalis WIk.

The observations on the life-histories of these two insects, together with brief

notes on other species of this family taken from the records in the office of the

Imperial Entomologist, are embodied in this paper. A brief accoxmt of one of

these species was given by Pletcher [ 1931 ] at a meeting of the Entomological

Society of-London in 1930.

As various reasons and other pressing duties have prevented the writer from

completing a detailed study of these two species, it has been thought desirable to

publish such information as has been collected.

( 737 )

U
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L-^Be^usa sttzoemoba Swinh. (Plates XXXIV anb XXXV
;

Figs. 1, 2, 3, 4, and 5, 6, 7)

Swinlioe [1895] described this species as Rhodoneura skjlophora. Hampson

[1896] first described it as Hypolamprus stylophoriis but in 1914 included it under

Betousa WIk. on account of the priority of the latter genus.

Phyllanthus emhlica (Euphorbiaceae) on which this species forms galls, is of

some economic importance in India, its fruit being used as pickles, jam,

medicine, etc. Fresh galls are generally formed in the summer months, June to

August. They often attain maximum size by the beginning of winter, when they

are about 23*1 mm. in length and 10*3 mm. in width. The galls when young,

are proportionately much longer than broad (Plate XXXIV, figs. 1, 2). Often

the galls are distinct from one another, but sometimes two galls are contiguous,

having a narrow constriction in between them.

Some empty galls out of which the moths had emerged were found to

be occupied by a species of small, black ants along with its young ones. Similarly

once a spider and its eight round creamy-coloured eggs were found in a gall.

The writer has not seen the eggs of Betousa stylophora Swinh. but presuma-

bly they are laid in early summer. The caterpillars bore their way into the in-

terior of the twigs, the bored portion swells up and in due course develops into a

gall.

The caterpillar feeds inside the gall (Plate XXXIV, fig. 1) on the internal

woody tissue, and passes out reddish firass through a small hole at one end which

is kept covered by a mesh-work of silken threads (Plate XXXIV, fig. 2), The
larva is nearly full grown about October, it passes the winter season in the larval

stage within the gall and comes out in the beginning of the following summer by
enlarging the entrance hole, and prepares a cocoon or pupal chamber on the leaf.

A mature gall if half split with a knife, was observed to be soldered up imme-
diately by the caterpillar inside by means of silken threads.

In the Insectary, out of some galls collected in March 1925, the caterpillars

began emerging in the last week of April and continued coming out up to the end
of May. A fulbgrown caterpillar (Plate XXXV, fig. 5) measures about 10—11 mm.
in length and 2*25-—2*5 mm. in breadth across the 3rd or 4th abdominal segment.
It is cylindrical, tapering gently in the anterior and posterior regions. The
head is darkish brown and measures 1*3 mm. across the epicrania and above the
ocellar region. The epicranial suture is fine and almost colourless. The upper
halves of the epicrania have shallow and closely situated pits in small patches.
The ocelli are colourless. The ventral surface of the head and mouth parts are
creamy-yellow, with the bases of the maxillae being black. The pro-thorax is

narrower than the meso-thorax and has a glossy, lightly chitinized shield covering
the whole of the dorsal surface. The three pairs of thoracic legs are glossy, and





7

Fig. 5. Caterpillar, lateral view
(

x
' 8).

Fig. 6. Pupa, ventral view (X8).

Fig. 7. Moth (x 6).

(Small figures—natural size).
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creamy-yeiiowisli in colour. The tarsi and claws are brown and darker brown
respectively. The colour of the rest of the thorax and abdomen is jet-black^

The various body segments are distinct and have minute, fine, brownish hairs

which arise singly on the dorsal surface from patches which are arranged trape-

zoidally on the first to eighth abdominal segments. The anterior pair of patches
on each segment are nearer the mid-dorsal line and are much smaller in size than
the posterior pairs which are wider apart. The tenth segment constituting the
anal plate is glossy, lightly chitinized and dark sepia-brown in colour. The entire

skin of the body appears to beshagreened closely. The booklets of the prolegs are
arranged in the form of a complete circle on the first four pairs, but semi-
circularly in the anal claspers. The spiracles are minute, oval and black in colour
and have thick rims, the first and the last pair of spiracles being larger in size

than the rest.

The caterpillars form pupal chambers in the following manner (Plate

XXXTV, fig. 4)

When full grown, the caterpillars come out of the galls and start making
pupal chambers. Five leaflets are used in the preparation ofeach chamber. Three
of these leaflets are utilized to form the base of the chamber. The basal part of
these three leaflets are stuck together by means of silken threads to form the base,
the remaining three-fourths are left free, sticking out like fingers. The middle
portion of the chamber is formed with the other two leaflets. The leaflet of the
right side of the rachis is turned into a spiral towards the left and that of the
left side towards the right, the two leaflets together forming the barrel or body
of the chamber. The upper end is covered by a close mesh-work of silken threads
with a deposit of chewed and regurgitated leaf tissue over it. Any other chink is

similarly closed up so that the chamber is well closed on all sides. The leaflets

help much to give strength and safe shelter to the pupa inside and the formation
of such a cocoon involves a very little secretion of silk. The caterpillars pupate
within the chambers about two days after emergence from the galls. In the
absence of these chambers they fail to pupate. The pupa (Plate XXXV, fig. 6)

measures about 6 mm. in length and about 2*75 mm. in breadth across the

fourth abdominal segment. It is beautiful red in colour. The wing cases reach
the middle of the fifth abdominal segment ventrally. The visible spiracles are

situated on the fourth to eighth abdominal segments; they are elongate, oval,

narrow and have light brown rims. In Pusa, the pupal period lasts from eight to
ten days in the month of May and June. The moth (Plate XXXV, fig. 7)
emerges through the anterior end of the pupal chamber.

Distrib'idion of the species.—In the Pusa collection, in addition to the fourteen
specimens reared from caterpillars collected at Pusa, there is one moth which was
collected at Kurseong. Hampson [1896] recorded the species from the Khasis
hills and Ceylon.

II. MmDOJSfBUEA LOOMUSALI3 WliR, (PLATE, XXXVI, FIGS. 8-11}

The egg stage is not known yet.

m2
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The caterpillars of Khodoimira locemalis Wlk. which feed on leaves and bore

tender top shoots of Loranthus hngiflorus have been collected at Pusa in Novem-
ber to April and then again in July and August. It is quite probable that they

breed on this food plant throughout the year.

The caterpillars bind two tender leaves together and feed between them (Plate

XXXVI 5 fig. 8)
either by nibbling on the green tissue in small patches leaving the

lower epidermis intact or feeding upon entire portions of the leaves. They also

bore top-shoots and roll up the tender leaves, or feed on thick petiole and leaf

under cover of meshes of silken threads overlaid with larval frass. The caterpillars

shun light and prefer to feed under cover.

A full-grown caterpillar (Plate XXXVI, fig. 9) measures about 10*5 mm.
in length and 2—2 ’25 mm. across the middle of the abdomen. It is cylindrical,

tapering gradually in the posterior region. The head is shiny, yellowish-brown,

bilobed, with its base slightly retracted within the pro-thorax. There is a small

black marking laterally on each occiput at the base. The pro-thoracic shield is

shiny, yellowish brown, concolorous with head, chitinized and has a faint thin

colourless longitudinal stripe along the middle line
;
the anterior thin transverse

margin is also colourless. The three pairs of thoracic legs are colourless or creamy-

yellowish, glossy, and their tarsi are yellowish-brownish. The colour of the rest

ofthorax and the abdomen is creamy-yellowish. Each body segment bears shiny,

lightly chitinized, round or oval patches, each bearing one, two or three minute

hairs. The five pairs of prolegs are short, cylindrical, glossy and colourless. The
first four pairs have complete rings ofbrown booklets, whereas the fifth or the anal

claspers have the booklets arranged in a semi-circular fashion.

All the nine pairs of spiracles are prominent, black, roundish-ovalish in shape

and have thick black rims. The first and the last pair are larger in size than the

rest. The dorsal surface of the anal segment is shiny and lightly chitinized and
sepia-yellowish in colour.

Cocoon .—^The caterpillar forms a roundish-ovalish cocoon well covered on all

sides with larval frass, and it emits through its mouth a reddish juice which imparts

a reddish tinge to the cocoon.

The pupa (Plate XXXVI, fig. 10) measures about 6 mm. in length

and 2*25 mm. across the fourth abdominal segment. Its colour is yellowish-brown.

The bases ofthe anteimae are slightly raised or ridged and the ridges are joined by a
central transverse ridge at the head. The first seven abdominal segments are dis-

tinct. The spiracles are small, oval, and darkish-brown in colour. They are situa-

ted laterally near the anterior margin of the abdominal segments. The abdomen
has seven pairs of spiracles on the second to eighth segments, the pair on the last

segment being closed.

The pupal period varies from nine to eighteen days depending on the season of
the year (Table I). /
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Table I

Pupd period at the various times of the year

No. Caterpillar collected Pupated

on

Emerged

mi

period in Days

1

2

Z

4

5

13th December 1927. 19th December 1927. 3rd January 1928.

8th February 1929. 16th February 1929. 6th March 1929.

27th February 1929. 13th March 1929.

26th March 1928. 6th April 1928.

8tli February 1929.

22nd March 1928.

ilth July 1932.

15

18

14

11

9
E’ormed cocoon in the 22nd July 1932.

night of 11th July

1932.

Pupated on 1 3th July

1932.

6 3nl A„B.„tl922. 7.h !«. IStl. Augus. 1932. U

Th. .IgHt « »• “

patches on the fore-wings clearly demarcate It from J

fig. 11).

III. Bhobonbuma Wlk.

moth emerged on 11th Sp
Nasour on 15th September 1908.

moth of this species which was collected at Kagpur on lotn o p

IV. RmVOUSUUA MYJtSUSALIS WLK. VAB. IDAllALIS

The larva was foundfeeding on Achras
sapoJa leaves at Pusa on 18th September

1909. The moth emerged on 26th September 1909.

Y/ STMIGLINA SClTAUlA Wlk-

The caterpillars were found feeding on DAaiwAa (iSesSawia aculeata) leaves at

Coimbatore.
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VI. Bysoj^ta mmTA Wlk.

pillars were found between spun-up leaves of OshmMa sp. at SMllong
ter on 1st October 1916. One moth emerged from this lot on 7th
The larvae were also found on Omtaeva (leaf ?) in Coimbatore, South

VII. Bysodia vibidatmxx Wlk.

The caterpillar was found on Gapparis diversifolia stem (boring ?) by Y. Earn-
chandra Kao at Coimbatore (20th November 1916).

In conclusion, I wish to express my best thanks to Dr. Hem Singh Pruthi,
the Imperial Entomologist, for kindly going through the manuscript and making
many valuable suggestions.
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Fig. 1. Teleutospores of P. prostii (x900).

Fig. 2. Same as Fig. 1 retouched to show spines (x900).

PLATE XXXVII
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AN UNUSUAL RUST FUNGUS ON TULIP

BY

L. D. GALLOWAY, M.A.

ANfD

R. R, SEN

Imperial Institute of Agricultural Research, Pusa

(Received for Publication on 28th August 1935)

(With Plate XXXVII)

Among some specimens received at Pusa in May 1935 from the Agricultural

Officer in Baluchistan, was a leaf ofTuUpa sp. showing blackish sori at first covered

and later bursting through longitudinal splits of the epidermis. The brown teleu-

tospores, which were formed on both surfaces of the leaf, were borne on short

pedicels and were covered with sub-hyaline spines 5-8g in length. No spermo-

gonia were found, but the teleutospores were unmistakably those of Puccinia

Prostii Moug, A request for more material had to be set aside owing to the

catastrophic earthquake at Quetta,

Puccinia Prostii with its very characteristic spiny teleutospores, does not

appear to have been previously recorded for India. Saccardo [1888] states that

it occurs on Tulipa sylvestris and T, ceUianae in France and Italy. Massee [1913]

gives a reference which suggests that it was recorded by him in Britain. Wilson

[1914] gives a fuller description, with photographs, of the rust which he reports

as doing considerable damage on TuUpa sylvestris. He mentions the production

of spermogonia, which are not mentioned in previous descriptions.

The accompanying photomicrograph and re-touched photomicrograph

(Plate XXXVII) show the characteristic structure of the spores. As regards

their size, there is some variation in the literature quoted above. Saccardo

gives the teleutospore size as 60-66 x 34-36g, Massee as 54-66 x 34-40 jl and
Wilson as 66-62 X 17-19p. This last measurement for width is an obvious error,

UrS is shown by Wilson’s own photographs.

( 743 )
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Toleutospores of tlie Quetta speoimea, measured ia lacto-phaaols gave the

following results :—

^

Mean of fifty measurements 53v6x37 ‘4|x«

Eange 44-66X 30-46fjt.
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OAT LEAF INFECTION BY U8TILAQ0 -AfE-NAI] (PEES)
JENSEN

BY

B. B. MUNDKUK

Imperial Institute of Agricultural BesearchfJPusa

(Received for publication on 28th August 1935)

(With Plate XXXYIII)

The pathological effect usually produced by XJ, avenae on the oat plant is a

complete destruction of the kernel and the enclosing glumes. The spores are disse-

mhrated as soon as the panicle emerges out of the boot and the central axis is thus

completely exposed. This smut is rather rare in India, the more usual form being

covered smut (!7. Jcolleri Wille), but in the winter of 1934-1935 it appeared in Ful-

ghum, Burt, Early Champion, Danish and Danish Island, oat varieties recom-

mended by Eeed [1927] as differentials in the determination of the physiologic

races of covered smut and obtained from him.

On the vaiiety Early Champion, Danish and Danisli Island not only were the

panicles affected but the upper leaves were also attacked. The sori developed on

the blade of the flag leaf or on the leaf just below it ; they occurred mostly on

the ventral or upper side and were in the form of parallel striae. The sori were

covered by the leaf tissue and the spores were released when this was ruptured.

Many of the leaves became longitudinally shredded. Figures 1, 2, and 3 of Plate

XXXVIII will make the above symptoms clear.

Exceptional cases of smut sori developing at unusual positions are well known,

Jones [1896] has already recorded the infection of oat leaves by the loose smut

and Lang [1913] has shown that he could produce the soil on the topmost leaves

by checking their growth. Riehm [1914] observed a similar condition in the case

of loose smut of wheat. Reed, Griffiths and Briggs [1925] found this eonclition

to b© rather prevalent in oat plants grown in the green-house, occasionally

occurring in the field also. D’Almeida et ui, quoted by Reed, Griffiths and

Briggs [1925], seem to have considered the leaf-attacking form as a separate

variety of smut which they have called U. avenae var. foUicola, At Pusa the con«

dition was noted in the fields where growth of the leaves was not checked in any
'

'way. ,

{
*745
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ABSTEACTS

Study ®f the evaporation of water from a soil surface with reference to the

fluctuation of water^'toble. V. I. Vaidhlanatlian and Hans Raj Lathra.

{Punjab Irrigation Besmrch Institute Eesearch Publication^ Vol, 5, No. 3, November

mi).

The * Introduction ’ and ‘ Summary * are reproduced below

iNO-BODUmON
^

During discassions of methods of cultivation to be undertaken in certain low

rainfall areas in the Punjab, the question of the supply of water from a water-table to

the surface arose. The conclusions arrived at by the earlier workers, regarding this

question, were not definite. For example, Keen working at Rothamsted concluded

that the upward capillary movement was ineffective even when the water-table is 80

cm. below the surface. In a later work, Keen mentions that water which has receded

about 180 cm. is not drawn back by surface evaporation. McGee, from his investi-

gations in the great planes of America, thought that water could rise at least 10 feet

in a year and 30 to 35 feet in a favourable term of years. Hall suggested that soil moi -

-

ture could rise to some 200 feet. Mitseherlisch made a calculation, which led to values

of many hundreds of feet.

During certain previous investigations of the sub-soil water movement carried

out in the Institute, it was observed that the water-table showed a fluctuation during

each day in addition to a gradual fall in the hot season. It was thought that this

fluctuation might be due to the evaporation of water from the surface during the hot

portion of the day, the water from the water-table rising to the surface through the

pores in the soil to replace that lost by evaporation. This would result in the lowering

of the water-table. The fact that the water-table attained a maximum depth at about

13 hours supported such a suggestion. West working in Australia had observed that

the sub-soil water-table showed a fluctuation depending on the atmospheric pressure.

According to his conclusions when the atmospheric pressure increased, the level of the

water-table went down and when the atmospheric pressure decreased, the level came
up. The relation appeared to be so complete that no other factor seemed necessary

to account for the fluctuation of the water-table. E. G. Bilham from his observations

in a well at the Kew Observatory had also noticed that the sub-soil water-table fluc-

tuated with the change of barometric pressure. Arrangements were made, thereiore,

to investigate the possible relation between the fluctuations of the water-table, evapora-

tion, and barometric pressure.
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The preliminary experiments were carried out in the Laboratory and the final

ones in an area at the Lahore Cantonment. The latter area was not infiaenced by

pumping and irrigation. The fuctuations of the water-table were therefore due only

to natural causes. The month of June when the experiments were carried out was the

most favourable period for the experiments, as it is the hottest and driest month in

Lahore.

StTMMARY

1. The amount of water evaporating from the surface of the soil in an area near

Lahore in the Punjab has been determined. It has been found that this is about

2*7x10-^ grms- per stp cm. per second on the average for the month of June ; the

temperature of the soil surface being about 66®C. during the hottest part of the day.

2. The dependence of the fluctuation of the water-table on surface evaporation

and atmospheric pressure has been investigated. It has been found that while pressure

has an effect on the fluctuation of the level of the water-table ; when the surface eva-

poration is high> the latter effect is the most predominating and the effect of pressure

becomes negligible. The conclusions of the previous workers that pressure is the main
factor affecting the level of the sub -soil water-table are not therefore found applicable

to the conditions existing in the Punjab.

3. The moisture content of the soil from the water-table to the surface has been

determined. It has been found . that there is a continuity in the moisture content,

though the gradient of the curve connecting the moisture content and the depth, below

the surface is not tiniform.

4. The different results in the investigation have led to the conclusion that water

is returning to the surface from a depth of 22 feet or 6*7 meters, which was. the depth

of the water-table in this investigation. The quantity that is being drawn up to the

surface is too small for cultivation.

A soil moisture meter depending ‘on the Capillary pull of the soil. With
illustrations of its use in fallow land, grass orchard, and irrigated orchards.

W. S. Rogers. (Horfcioultural Research Station, East Mailing, Kent). The
Journal of Agricultural Science (Cambridge), July 1935, Volume XXV,
Parts.

This pa]}er describes a method for the continuous measurement of soil moisture
which should he of very considerable use to research workers in India. The instru-

ment was designed at the East Mailing Station, has been in use there for over two
years and has proved itself adaptable to a wide range of conditions. The author
summarises his results in the following words

1. A soil moisture meter which gives direct and continuous measurement of the
soil moisture content is described. The instrument consists of a special porous pot
fllled with water, connected fby a tube to a mercury manometer. The pot is buried
in the soil, whose capitlary''pull causes the mercury to rise. The height to which the
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mercury rises depends on the amount of moisture in the soil, and also f® ^
particles and the degree of compactness of the soil. (The las wo . ac

constant for an instrument in one position).
^

2. To read actual moisture percentage each instrument has to e^ca

the soil in which it is placed. Once this is done, all sampling and weighing .
•

3. The range of the instrument in its present form runs from

1- 6 per cent mSsture (calculated on dry weight) in sand, to about 8 per cent in light

of soil moisture are recorded rapidly

““
rSSlCe ot i, p»v„«d fro„ givl.g

the soil moisture content owing to the fact that the moisture pressur

^ rising

tends to form a hysteresis loop, i.., does not follow exactly the

moisture as for falling moisture. The degree of

many purposes, however, for the variability is usually within 10 per c n.
^ ^

6. Special devices are used to prevent freezing and enable the ms ,ium

a, record over long periods without attention in the field. .

7. Examples of the working of this moisture meter in the

field are <--iven Instruments placed at different depths m clean cultivated

fn ta s omCds have shownL contrast between loss of water l
hardly' affects the .soil moisture at 30 in. and loss by root absorption which draws on

the deeper layers as well as the surface layers of the soil.
, .

8. In an irrigated orchard the meters have satisfactorily shown t e pene ra .ion

of irrigation water.and the drying out of the soil at various dept

The original paper should be consulted for details. ^
^

ot th. d.slg» ond tte method ot oonotraotioo ood .MWl.t.om dwo form,

of the complete instrument are now on the market.



NOTES

Standard Form of Certificate for Plant Imports into England, Scotland

and Northern Ireland

It is notified for general information that His Majesty’s Government in the

United Kingdom have adopted the standard form of certificate given below for

plant imports into England, Scotland and Northern Ireland.

Certificate

. . . the living plants or plant products
This IS to certify that ^^pi^esentative sample of the livixig plants or plant products

{strihe out tTie words not applicable)

.

included in the consignment, of wMch particulars are given below were/was

thoroughly examined on the (date) .by (name)

a duly authorized official of the and found to be

healthy, no evidence of the presence of any injurious insect, pest, or disease(des-

tractive to vegetation)

(destructive to agricultural or horticultural croi^s) having been [insert

words in ( )
if required by existing legislation]

found in/on them and that the consignment (incliidiag the packing) covered by
this certificate has/has not been treated in the following manner {e.g., fumigated

prior
with. ... ... .or disinfected with. . . . . .

.
) in,niediatelyThbsefi^^^^^^^

inspection.

Inspected in the field by a duly authorized inspector on

Not inspected

(Signature) ......

Official Status

Date . , * . .

.

No. and description of packages

Distinguishing marks

Description of living plants or plant products or parts thereof.

Stated to be grown at. . . . ... ........ ... .

.

Exported by

Name and Address of consignee. , . . . .......

Name of vessel or particulars of route. . . . .

.

Date of shipment

Port or place of entry

Additional Certificat'e(s) attached. . . ... . . .

.

(
750
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LIST OF PUBLICATIONS OF THE IMPERIAL AGRICUL-

TURAL BUREAUX (1934-35)

I Obtainable FBOM THE ImpebialBubi)au or Soil SoiENCB, Rothamstbh Exbeei-

mental Station, Haependen, Herts

[All PubUoationa are sent post free frmn the Imperial Bureau of SoU Science]

1.

Technical Communications

i;

'

•

'

29. Soil, Vegetation and Climate. By C. V. Jacks. Pp- 43 .

30. The Determination of Exchangeable Bases in Soils. Pp. 35 . •

^ Soil Deficiencies and Plant Diseases. By G. Jacvs an

Sclierbatoff. Pp* 48 * •

32. Tea Soils. By Plarold H* Mann. Pp* 6G , , . • •

2.

Publications relating to Soils and Fertilizers

Monthly lists, with brief abstracts of all current papers and pamphlets

• A K fLp Pureau The papers are classified by subjects, according

torn for oottins out th. »pm.l>o eottieo »nd flhng them m ou mdo ,

required.
.

. i

Price 10^. per annum, post free, separate copies each *

3.

Monthly Letters

These consist of short accounts of outstanding pieces of recent research

of matters of general interest connected with the Bureau s acuities.

tioi relating to Soils and Fertilizers. Outside the Empire, or when so

separately, a charge of 4a. per annum is made.

Separate copies, each . * * •

4.

Publications on Soil Science issuedfrom the Empire Overseas

Bibliographical lists, 1933, 1934, each . . ' ’ *

Becent DemlopmenU in Soil Analysis

A. Quarterly supplement to ‘ Publications Relating to Soils and Fertih-

zers,’ Lntaining full descriptions of recently published analytical meth ,

•

( 761 )

Price

2«.

2s.

Is,

%d.

1^.

m
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Hos. 5 and 6, each

5 *' Annual Eep&Hs

7* Lists of Reprints available on loan

No. 1 . . ...
Subsequent issues, each

(if. Miscellaneous Publications

Price

6fl.

QfL

Bibliography of x>viblications relating to Coffee Soils and Fertilizers

(1934), pp. 65 , . . . . . . . . . . 2s.

9. Bibliography of Soil Science, Fertilizers and General Agronomy,
muu

A complete reference book to the recent literature of soil and allied

sciences. The bibliography^ contains over 6,000 classified references, a com-

prohensive subject index, lists of some 4,000 authors and 800 journals and
'

periodicals, and a concise account of the system of classification used.

Crown octavo, Pp. XXXI + 4 73. Bound in cloth . . . . 2bs.

Special Publication

The Katamorphism of Igneous Rocks under Humid Tropical Conditions.

(By the late Professor Sir John Burelimore Harrison, Published on

behalf of the British Association and Bemerara Proprietors Ltd., this mono-

graph gives a detailed account of the author’s worK, during thirty-seven

years in British Guiana, on the processes of laterization).

Crown quarto ; 80 Pp., with a foreword by ir E. J. Russell and a preface

by Professor F. Hardy . . . . . . . . os.

II. Obtainable fkom the Impbei^l Buebau ob Plant Genetics (fob ckops othee
THAN HeBBAGE), I‘LANT BbEEDING INSTITUTE, ^^.CHOOL OF AGRirX'lTtJBE, CaM-

BEIDCE

i: Journal

Plant Preeiiny Abstracts, Annual subscription . . . . , lo^.

2, Occasional Papers

Breeding Bosistant Varieties, 1930-33 (Supplement) . . . . 2s.

III. OBTAINABI^ErEOMTHETlMl’EBIAL BUBEAU OF PLANT OeNBTICS (HERBAGE PLANTS),

Welsh Plant Bbeeding Station, Agbiculttjbal Buildings, Alexandra
'Road, Abeeystwvth, Wales

I. /J which appears quarterly, deals with literature from
all parts of the world on grassland and forage crop research and practice.

An effort is made to reduce the intervpul between the appearance of a paper
and of its abstract to a minimum.
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2. Herbage Remem represeats the oaly Jouraal published ia English

which deals exclusively with grassland and forage crops. Contributions

and correspondence are welcomed from all investigators on this subject,

with the reservation that it is to be understood that no scientific paper repre-

senting the results of original (not yet published) research can be considered

for publication.

Inclusive annual subscription . . . . . . . ,

Single numbers . . . . . . . . . . . 5a«

Occasional papers

Bulletins—
14. Grassland Besearch in Australia. Future Programme and contri-

butions on pasture technique, Februray, 1934 . . . . . . 3a.

15. Cirassland and Forage Crops in Thuringia, Czechoslovakia and

Hungary. By E. O. Whyte and Collaborators. August, 1934 , , . 35. 6d.

16. The Theoretical Signiiicance of Vernalization. By N. A. hlaxiinov.

December, 1934 . ... ... . . . . 2^. 6d.

IV. OBTA.INABLE FROM THE IMPERIAL BUREAU OF FrUIT PRODUCTION, EaST MALL-

ING Besearch Station, East Mallino, Kent

Journal

Horticultural Abstracts.—A (quarterly abstract publication of current horti-

cultural literature. Vol. IV. Annual Subscription . . . . . 15^.

Single copy . . . . . . . • • • • *

Technical Communication

5. The ‘ Degeneration ’ of the Strawberry, 1934. D. Akenhead, E. V.

Harris, G. H. Berkeley, A. M. Massee . . . . . . . 2^,

Occasional Paper

Annotated Bibliography on Bitter-pit, 1934 . . . . . . 1^. 6d.

Other Publications

Index to Yols. I-X of the Journal of Pomology and Horticidtiiral Science,

1933, Compiled by Bureau, Published by the Editors of the Journal of Porno-

logy and Horticultural Science. Available from the Bureau ... 5a.

X . Obtainable from the Imperial Bureau of Agricultural Paiiasitology,

Institute of Agricultural Parasitology, Winches Farm Drive, Hatfield

Road, St. Albans, Herts.

Bibliography of Helminthology : for the year 1932 (incliTding subject Index

to titles), 97 Pp. Library Edition, bound in cloth ...... 10a. 6ri.

Stiff paper cover only . . . . - - . . . . 8a.

Bibliography of Helminthology : for the year 1933 (including subject index

to titles). Library Edition, bound in cloth lOa. M.

Stiff paper cover only . . . . . • . - « . 8a.

O
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,

[V, VI.

Helmintitoloifical Abstracts

Issued ill six parts aiinualiy by the JouTnal of Helminthology
;
iiicoi'porates abs-

tracts, prepared by the Bureau, of original papers on applied helminthology,

hsiibseription price for VoL III (1934), post free , . . . ® 30s. net

The Bearing of the Physiology of Parasitic Nematodes on their Treatment

and Control (post free) . . . . . . . . . . 3^.

YI. Obtainable fbom the Imperial Bubeait op Animal Genetics, Institute of

Animal Genetics, Univebsity of EBiNBUBOH, King’s Buildinc4S, West Mains-
,

Road, Edinbubge

Journal

Animal Breeding Abstracts (quarterly), commencing April 1933. Annual

subscription . . . , . . . , . ... 15^,

Occasional Papers

Bibliography on the works of J. C. Ewart (free to subscribers orAnioial

Breeding Abstracts i Vol. I,), I . . . . . . , . QrL

Animal Breeding in the British Empire. A Survey of Research and Ex-

periment, 1934 . . . . . . . . ... 2^.

VII. Obtainable from the Imperial Bureau of Animal Health, Veterinary
Research Laboratory, New Haw, Weyeridge, Surrey

Abstracting Journal

T/fe 7 : Annual subscription . . . . . 40^.

Indexing Publication

Index Veterinarius : Vowe issues a year. Annual subscription (postage

paid) . . . . . . . , . . . * . 80^,

Vni. Obtainable from the Imperial Bureau of Animal Nutrition, Rowett
ReseABOH Institute, Bucksb CBN, Aberdeen

Journal

Nutrition Abstracts and Merieua :-^lssmd under the direction of tlie Im-
pwal Agricultural bureaux Council, the Medical Research Council and the

Reid Library. Subscription per Volume of 4 niimber.s . , . . 21^.

Per single number , . . . , . . , . , 6# ^
Occasional Papers

Technical Comfiumimtion
5. Recent Research in Poultry Nutrition, by A. R. G. Emslie • . 1#.



NOTICE

Copies of the u^de^-me^tio^ed publications are available for free distribution j

provided the cost of packing and postage or railway freight is met by the indentor.

Application should be made to the Secretary, Imperial Coimcil of Agricultural

Eesearch (Publication Section), Imperial Record Department Building, New
Delhi :

—

1. Manual of more deadly forms of the cattle diseases in India (1903)^

3rd Edition,

2. Notes on the cattle of Mysore, by Col. Pease (1911).

3. The indigenous breeds of cattle in Rajputana, by Col. Pease (1911).

i4. The fodder grasses of N. India, by Duthie.

5. Some experiments in the treatment of surra in camel (1913).

6. Treatment of surra in horses by means of arsenic and its derivation.

7. Cure of surra in horses by the administration of arsenic,

8. Immunization against Charbon Symptomatique by means of a single

vaccine (1909).

9. Report on the experiment carried out to test the susceptibility of cattle

for several districts and on improved method of rinderpest serum

preparation (1913).

'‘^10. Flax in India, by Robert S. Pitilow (1918).

* 11. Catalogue of Perns in the Herbarium of the Government of India at

Saharanpui’ (1890).

12. Agriculture in India, by Maekenna.

13. Report of Mr. C. S, Marten on the Foreign Market for Indian Timber

(1927).

14. Report on the extension of cinchona cultivation in India by Lt.-CoL

Gage.

15. Catalogue of the Plants of Kumaun,’' by Sir Richard Strachey and

Duthie.

16. Report of the Proceedings of the Entomological Meeting, 2nd and Sth.

-*‘17, Review of Agricultural Operations in India, 1919-20 to 1921-22 and

1923-24 to 1928-29.

(
755 )
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-18. Report on the Progress of Agriculture in. India, 1907-09j' 1909-10, 1911-

12 to 1918-19.

19. Memoirs of the Imperial Department of Agriculture in India.

"fa) Botanical Series 1
:(b) Bacteriological Series

|
Most of the back numbers are avaii-

(c) Chemical Series > able and can be supplied as far as

(d) Entomological Series
1

possible.

(c) Veterinary Series. J v

20. AgriculturalJournaloflndia'^

21. Journal ofthe CentralBureau I

for Animal Husbandry {
and Dairying in India. J

22. Notes on the collections and preservation of entomological specimens :

Study of life history of insect, by Stebbing (1901).

alFD— 206 ICofAB—6 -1 -36- 800 .


